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FOREWORD {
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"Materials Evaluation" Task No. 738101 "Exploratory Design and

Prototype Development". This work is administered under the direction

of the Materials Support Division, Alr Force Materials Laboratory

and Fuels, Lubrication and Hazards Division, Alr Force Aeropropulsion
Laboratory, Wright-Patterson Air Force Base, Ohio with Mr. Edward J.
Morrisey and Mr. Adam Cormler acting as Project Englneers.

This report covers work performed during the period March 1967 through
December 1968 at Monsanto Research Corporation, Dayton Laboratory

and North American Rockwell Corporation performed by C. J. North,

D. L. Plessinger, J. L. Schwendeman, and I. O, Sgalyer. Mr. Salyer
served as Project Manager and Mr, North served as Technical Director,
North American Rockwell Corporation, Columbus Division, Columbus, Ohio,
with Mr. Norik Ohanlan as Project Engineer, was subcontractor to
Monsanto Research Corporation. '

The manuscript was released for publicatlon by the authors 1in April *
1969 as a Technical Report.

This technlcal report has been reviewed and is approved. i
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Albert Olevitch
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ABSTRACT
b preogrom of work 13 desurived leadlng to the selection of a resin _
systems, reinforcement selection and fabrication methods for building -
a foldable deployable external wing tank for aitreraft. Such 2 tank
would be capable of being fabricated in its final configuration. After
fabrication the tank could be folded, stored and shipped to the place
of use At time of use the tank could be unfolded, inflated and cured
in 1ts final configuration.

The resin system and glass reinforcement selection was accomplished

by screening over 150 potential resin systems and 6 possible reinforce-
ment candidates. ‘Twelve design concepts were screened. The selectlion
of the final deslgr. was based on:

Weight saving potentlal.

Hixh Nesting Ratio. o
Stiffness and good load caring capability, i
Ease of fleld erection. 1\
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A tooling concept was utlilized that would allow the fuel tank to be
fabricated over a removable mandrel. The mandrel shape 1s developed
by placing a silicone rubber contoured bag In a female mold with an
arbor clamped to the bag. The bag was pressurized against the mold
and filled with ceramic (Veri-lite) nodules. After filliing, a
vacuum was applied to the bag and nodules to hold the bag 1in shape
when the female mold is removed. After fabricating the tank, the
vacuum ls released and the nodules are removed.

A method for zone curing critical areas of the ‘tank was developed.
This would allow the tank to have specific areas cured and drilling
and routing operatlons incorporated at the point of manufacture; and
st1ll allow the filnal curing of the tank in the fleld without further
machining operations.

The obJective of the program was successfully accomplished in that
two tanks were fabricated by North American Rockwell. One of the
tanks was folded and delivered tc the Air Forck for future deployment.

The second tank was fabricated folded, deployed and cured at North 5'
American Rockwell. This tank was intended for testing for strength K
and freedom from leaks.

This document has been approved for puvlic release and sale; 1its
distribution 1s unlimirted.
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SECTION I

INTRODUCTION
Much interest has been shown, in the past years, in foldable self- i |
ripgldizing structures by the Air Force and other services. Struc-

tures of various slizes and shapes are needed which can be deployed
in earth or space environment.

Under Air Force Contract AF 33(615)-1484 Monsanto Research Corpor-
ation's Dayton Laboratory investigated the use of the seond order
transition temperature of polymers as a pcssible means of providing
a collapsible/expandable wing tank, Thils program is described 1in
Technical Report AFML-TR-66-1U42- dated March 1966.

As a result of the work the Air Force awarded Contract AF 33-615-
67C=1542 in July 1967 to Monsanto Research Corporation with North
American Rockwell as a subcontractor. Thls new contract was for

the fabrication of two full scale reinforced plastlic external fuel
tanks which could be expanded and rigidized in the fileld, The tank
requirements were that the tank be collapslible with a 5-7 to 1 nest-
ing ratio and meet the requirements set forth for those of the F-5A/B
150 gallon Northrop Corporation Noralr Division External Wing Tank.
This type of tank was designed to greatly simplify shipping and
assembly problems in remote areas.
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SECTION II

SUMMARY

This report describes the work carried on by Monsanto Research
Corporation, Dayton Laboratory, and North Ameriecan Rockwell Cor-
poration, Columbus Division under the direction of Wright-
Patterson Ailr Force Base.

Prior to thls contract, Monsanto developed a resin system that
would change from rigid glass to flexlkle rubber, This change
occurs when thermoplastic or lightly cross-linked polymers are
heated to above thelr second-order transition. This was a revers-
ible system and was demonstrated under contract AF 33(615)-1484

to be feaslible in subscale wing tank models.

Further work indicated that thils reversible resin systein was
impractical for use on high performance alrcraft for one reason,
i.e., minimum of 80% resin content 1s required to make the struc-
ture foldable. The 80% resin content would raise the 140 pound
target welight to between 280 to 420 pounds. This welght increase

is due to the low physical properties that are ncormal for high
resin content laminates.

Another resin system had to be used. Over 150 new resin systems

and 6 glass reinforcements were tested and evaluated. The resin
system finally selected for use 1n the wing tank program is an epoxy
plasticized polyvinyl butyral with a dicyandiamide (Dicy) epoxy cur-—
ing agent. This system calls for 25% polyvinyl butyral and 75% epoxy
resin. A patent dlsclosure has been filed on this system. A4 glass
fabric, 181 style E~glass constructed from yarns designated as ECDE
75-1/0, was selected and impregnated with the resin system.,

Physical property tests performed on the B-staged vrelmpregnated
fabric and on the cured laminates. The test results on the B-staged
fabric indicated that it was well within Monsanto's materlal specl=~
fication. The cured laminates were shown to be slightly below the
strength of conventiocnal cured high grade epoxy glass laminates.

In order to achleve the general objective of this program, which is
to fabricate two exploratory glass reinforced fuel tanks that meet
the specificaticn of Reference (1), twelve deslign concepts were
evolved. In the analysis of these design concepts, primary consid-
erations were given to attalning the highest possible nesting ratio,
while maintaining structural integrity, maximum fuel capacity, mini-
mum welght requirements, and affording ease of field erectlion., The
twelve ‘basic designs were reduced to two prime candidates: They
were a full length, partial depth hardback, and a saddle door-type
hardback. The selection of the final deslgn concept was also based
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on the collapsibility, workabllity and adhesion tests of certaln
test specimens designed for thls specific purpose., The saddle-
type hardback was flnally selectzd.

Some of the physlcal properties data of the material from which the
tanks were manufactured were supplied by Monsante Resoarch Corpora-
tien. However, in order to gain more insight into the properties of
the material and *ts behavlior under certaln prescribed conditions for
toollng and manufa. turing purposes, several exploratory tests were
carried out at the facilitlies of North American Rockwell Corporation.
Also, since some of the phases of the tooling concepts were the first
of their kind in this size, development required certaln feasibility
tests on some of the materlals and processes used,

In the design of the final full scale tank, two factors were of
primary importance: (1) trade-offs between the engineering, tooling
and manufacturing efforts and (2) certaln preferences of Air Force
and Monsanto Research Corporatlion, as to the final configuration of
the tank. It was also necessary to malntain the tank's structural
integrity equivalent to that of the metal tank which not only 1s
constructed from a materlal of higher strength but 1t also includes
seven stiffening bulkheads 1in 1ts design. In view of thls fact,
several stress analyses have been performed to determine the optimum
trade-of'fs of structural integrity, tank welght and nestlng ratio.

In the process of the design of the collapsible tank that concurred
wlth the selected design concept, the appllcation of an unusual
method of curing was adopted at North American Rockwell Corporatlon.
The method consists of curing the B-staged semi-final product with
poslitive pressure (in comparison to the conventlional vacuum bagging
method). The above method 1s the filrst known application for such
a large size object. The expandable elastic bag, deslgned to apply
positive pressure to the tank, served a dual purpose of beling the
male mandrel tool for the filber glass lay-up.

The projJect was almed at exploratory development and feasibllity
determination of an expandable rigldlzable external aireraft fuel
tank. Consequently, the necessary tooling design and processes for
fabricatlon were also, to a degree, exploratory. The entire tooling
concept, tool design and fabrication was based on the fact that only
two prototype tanks were required to be manufactured; therefore, all
the tooling was "soft" or non-productlon type tooling. A speclal
developed lay-up mandrel was used. The mandrel is made by using a
contoured female mold with a pre-contoured silicone rubber bag placed
inside the female mold. An arbor 1s then inserted into the bag and
clamped in place. The bag 1s pressurized through the arbor and the
female mold, bag and arhor are held in the vertlcal positlon and
ceramlic nodules are poured into bag then vibrated untll the bag 1is

l
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filled. A vacuum 18 then applied to the inside of the bag holding
the nodules firmly 1n place. The female mold 1s then removed main-
talning vacuum and an easlily removablie mandrel 1s ready for the
tank lay-up.

During the progress cf this program it became more apparent that a
process for zone curing had to be developed. If thls could be
developed it wculd climinate any triwming, machining and drilling

of plastic parts in the field Eliminating sets of trim Jigs, drill
fixtures, etc., from the various fleld installations that would
rigidize the tanks. Thls process was develcped and presently has a
patent disclosure filed

Also, in the very early stages of thls program, it was ascertained
that only the final female curing tool would be delivered to the
Alr Force. Consequently, thls tool was buillt to withstand shipping.
The remainder of the tools and, 1n some cases, thelr supports were
constructed without consideraticn of any shipping and/or longevity.

Two prototype tanks were fabricated in thls program. The second
tank was fabricated, zone cured, folded, unfolded, and completely
rigldlized. It included all the structural component parts 1in final
assembly, 1.e., saddle~door hardback, end attachment cones and bulk=-
heads in place. But no plumbing parts were included.

The first tank was zone-cured, B-~staged and collapsed only. It also
included the same finlshed components as the above tank. Only the
saddle-door hardback was assembled 1n the later tank prior to shipping.

During the fabrication and curling of the secuind tank, the female mold
falled, The fallure occurred in the bulkheads that were used to
stiffen the flanges of the spllt female mold thus causing the flanges
to open as much as 3/4 of an inch. With this the siliicone bag failed
forcing air into the uncured tank laminate. 'The flanges of the
female mold were probably too weak for the load and temperature
experienced. The female mold was later shipped to the Air Force 1n
this condition. Because of this mold fallure the seccond tank was
molded and cured with a part of the glass laminate extruded into the
separated mold flange on both sides. Dlimples or wrinkles were
developed along the top half of the tank. Both forward and aft of
the saddle door. All of these defects were repalred except for the
alr entrapment. The repair was made using a room temperature curing
epoxy resin system with unknown number of plies. This repalr proced-
ure was not 1n accordance with that initlally outlined by Monsanto
Research Corporation.

In summary, the concept of fabricating external fuvel tanks using this
method was shown to be feasible and practical.
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SECTION IIX
TECHNICAL DISCUSSION

A. RESIN SYSTEM EVALUATION AND ZONE CURING

The objective of our resln system evaluation was to find a resin
system that would meet the following physical regquirements:

1. Allowing the tank to be foldable during manu-
facturing and stcrage.

2. Long time storage 1in environment up to 125°F
and still curable.

3. The resin system would allow tank deployment
in the fleld with the least amount of work,

y, Glve hlgh physical properties to keep the
tank welght to a target of 140 1b.

5. If possible, have the abllity to refold
for additional storage.

6. Compatible with JP-4 jet fuel,

Two basic resin systems (reversible and irreversible) were evaluated.
The reversible (thermoplastic) system uses less than stoichiometric
amounts of curing agent with Shell's Epon 828 epoxy resin. In Table
I, Tests 1 through 10, 115 and 116 were conducted on the reversible
system. The reversible system was flexlble at elevated temperatures,
allowing the material to fold or unfold; at room temperature, the
system became rigld. .

The irreversible system 1s a comblnatlon of thermoplastl¢ and thermo-
setting resins mixed t» give a flexlble B-staged epoxy resin system
that gives a permanently rigld system when cured. The irreversible
system consists of polyvinyl butyral or polyvinyl chloride plasti-
clzed with Shell's Epon 828, Monsanto's Santoset, Union Carbide's
ERL-2256, ERL 4221 and F.,M.C.'s diallyl phthalate (DAP) resins.

These resins were screened in Table I.

During August 1967, the Air Force asked MRC to subject likely resin
system candidates to constant 165°F aging environmental tests. This
test, started on the 15th of August, involved 13 systems., OQther
systems that looked good were added to the test chamber, and even-
tually 33 different systems were being tested (see Table II).
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The wing tank would be carrying JP-4 jet fuel. The best design
would be achleved when no liner 1s required. Therefore, a test
to determine 1f the resin systems 1n the cured stage were compat-
ible with JP-4 fuel was inltlated. On 9 August 1967, MRC started
the JP=-4 fuel test using 18 different resin systems. Specimens

were out, wp'io'hnd and Bareol hardness tested before cXposure fer

15 days 1n JP-4 fuel. After the 15th day, the specimens were re-
checked for weight and Barcol hardness, resulting in no significant
change (see Table III).

A reinforcement screening test was run concurrently with the resin
screening tests. The following glass cloths were tested:

1. 181-A1100 rinish (J. P. Stevens & Co.)

2. 2P=183 Volan A finish (Coast Mfg. & Supply Co.)
3. 2P-184 Volan A finish (Cocast Mfg. & Supply Co.)
b, 2P-495 Volan A finish (Coast Mfg. & Supply Co.)
5. KC-2208 Woven Roving (Coast Mfg. & Supply Co.)
6. 918 Volan A finish (J. P. Stevens & Co.)

The glass cloths were impregnated with resin system 46 (Table I).
The physical properties show that the 181 glass fabric has the best
physical properties. If the fllament winding %rocess was used, a
minimum of 200,000 psi in tensile and 8.0 x 10°% tensile modulus
could be expected (see Table IV).

In August, a meeting between the Air Force and Monsanto Research
Corporation was held at Wright-Patterson Alr Force Base. The

various resin systems and thelr effects on the program were dis-
cussed. It was noted that to achleve the highest physical properties,
a low resln content and high glass reinforcement would be necessary.
However, 1f the reversible system was used, approximately 80% resin
content was required tor it to be foldable. The smallest bend radius
without delamination was only one inch. The irreversible system
could fold on a zero radius without damaging the structure if 30 psi
was used to compact the lamlnate durlng the final cure. The only
apparent drawback to the 1lrreversible system was its shelf life

during storage. At this meeting a declsion was made to cdrop the
reversible thermoplastic resin systems calling for less than stolchio-
metric amounts of curing agent. Thils decision was made tased on the
high strength requirements needed to meet the 140 1lb welght limit

of the plastic wing tank. The high strength required dense low

resin content composites which would not fold readily even with
thermoplastic resins. In the irreverslble systems, the densifi-
cation is accomplished simultaneously with "deployment" of the

tank in the mold.

14
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In mid-September, a meeting to review NAR design concepts was held _
at Monsanto Research Corporation with the Alr Force, NAR, and MRC !
attending. During this meeting, several other ltems were dlscussed, HRN
ineluding the possibility of filament winding the tank with the

irreversible resin system. MRC felt that this system held the key

£to successful completion of all of the program's target requirements.

We also discussed the use of a contoured rubber heating blanket that
would control the ocutside contour during cure of the 1rreversible
system usi g glass cloth reinforcement. The Alr Force was concerned
at the possibility of technical difficulties in this approach.

The next meeting with the Air Force was held during the last week o
of September at Wright-Patterson Air Force Base with MRC. This
meeting was held to discuss the various approaches listed 1n
Table V. It was decided that MRC would make a 24 inch nose section :
sample using the thermcplastic material with 30-40% resin content,

an irreversible system and a hardback. The test items were to be

bullt on an Air Force supplied pattern. These samples were used

to determine if the system was copable of folding and deploying.

MRC was also gilven a new envirconmental test to run in place of

the 165°F constant temperature.

The new aging test was started on 5 October 1967 with a 24 hour
temperature cycle including 16 hours at 85°F, 3 hours to go to
125°F, 2 hours at 125°F, and 3 hours to return to 85°F (see
Table VI).

During September 1967, MRC developed sufficient data to write the
materlals specification for the control purchase of the preilmpreg-
nated glass fabric. This specification (MRC-M3S-001l) appears as
Appendix I. The process specification (MRC-MP-001) was also
written. This specification appears as Appendix IT,

In October 1967 MRC recelved a low-temperature epoxy female mold
from WPAFB. This mold was to represent the nose section of our

F-5 wing tank. The mold was approximately 17 in. long by 15 in.
wide by 6 in. higher in the aft end. The mold, being too small,
could not be used for fabrication of nose sections. (At least 8 in.
extra around the part was required for bleeder and vacuum bag
sealing compound ) The mold was made with epoxy resin and "T"
curing agent (which is only good for 200°F). The parts that MRC
intended to build on this mold required a cure cycle of 4 hours

at 300°F. Thus, & new high-temperature female epoxy mold had to be
built

15




The Air Force-furnished female tool was used to fabricate a male
B-11 plaster model mounted on a 3/4 in. thick plywood surface 30 in.
x 40 in.. extending the aft end of the Air Torce mold approximately
12 in. aft. The plaster model was then used to make a new female
epoxy mold (see Figure 1),

With the new plastic female mold, MRC fabricated a wlng tank nose

section hardback. The hardback was made of 8 ply, 183 Volan A

fabric with Epon 828 epoxy resin and the full stolichlometric amount , ‘
of Z curing agent. This layup was then vacuum bagged, and the excess ' '
resin and alr were paddled out of the part. ’

The part and mold were then placed in the oven and cured, The hard-
back was removed from the mold, trimmed and drllled; 1t was designated
SN-1 (see Figure 2).

The first thermoelastlc system nose section was fabricated with 12

ply, 181 Volan A fabric with Epon 828 epoxy resin and 5/8 of the

stolchiometrlic amount of Z curing agent. The part was then vacuum

bagged, and the excess resin and air were paddled out of the part.

In order to reach the highest physicals and maintain foldability,

an attempt was made to hold the resin content to 30-40%. (In the

past, we required approximately 0% resin to fold on a 1 in. radius.)

The part and mold were then placed 1in an oven and cured. The thermo-

elastic system part was then removed from the mold, trimmed, and 1
drilled. This part was deslgnated SN-2 (see Figure 2 for SN-2). E

The second thermcelastic system nose sectlon was then fabricated
using 12 ply 181 Volan A fabric with Epon 828 epoxy resin with 5/16
of the stelchiometric amount of Z and 5/16 of the stolchiometric
amount of aniline curing agents. The part was then vacuum bagged,
and the excess resin and alr were paddled out of the part. An
attempt was made to control the resin content from 30-40%. The
part (still in the mold) was placed in an oven for curing. It was
then removed from the mold, trimmed, drillecd, and designated SN=3,

The next part was fabricated from B-staged preimpregnated 181 Volan

A fabric. The resin system mix used wasg 37.22% by welght of Epon

828 epoxy resin, 1.11% dicyandiamide (DICY), 12.41% Butvar B=76,

0.37% Thermolite #31, 42.39% acetone, 6.0% dimethylformamide (DMF)

and 0.5% deionized H,0. A heat gun was used to bond and form the

B-staged fabric¢ in the female mold. The part was then vacuum bagged

and placed in a preheated oven (180°F) for 20 minutes. The tool

and part were then removed from the oven. The vacuum was malntalned ‘
for 12 hours. The part was removed from the tool, trimmed, and

drilled. This part was then designated SN-4,
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A demonstration for the Air Fcrce was held in mid-October 1967.
SN=1 (hardback) was bolited tc SN-Z (thermoplastic system) to form

a sectlon nose 12 ysn. in diameter (aft end) with a 1-1/2 1n. flange
about the center (see FRignre 2} Tha zscombly yas théin placed

in an overn at 300°F ror 30 minutes. The tank was removed and an
attempt was made to fold the SN-2 part without delamination. After
an extreome amount of [urce was applied, the sectlon started to
delamlnate. The section was then placed in the oven for an
additlional 15 minutes and was folded (using great force); the
section delaminated over approximately B85% of its surface (see
Figure 4), SN-2 had a resin content ranging from 34-44%,

The hardback was remaved from SN~2, and SN-3 was bolted 1n place
on SN~1l, After 30 minutes in the oven at 300°F, the assembly was
removed, and an attempt was made t¢ fold the part. With the
applicatlion of less force than that used nn SN-2, the part started
to fold but still delaminated. Approximately 60% of the part was
delaminated during the foldlng operation (see Figure 5), SN-3

had a resin content ranging from 32-38%.

The hardback was removed from SN-3 and SN-4 was bolted in place
on SN-1l. The part was then folded at room temperature with some
delamination resulting. Deploying and returning the part to its
original shape required very little effort (approxlmately 1/10

of that used during the attempt to rold SN-2 and SN-3). This
pirt was then recycled [folded and unfolded). (see Iigures 6 and
7).

A fourth experiment was performed takling a castlng of the resin
system used in SN=-3, After 30 mlnutes at 300°F, the resin casting
became extremely flexible, in fact even more flexible than the
other thermeoplastlc systems castlings,

At the completion of the demonstration, the Ailr [force gave Monsanto
the go~-ahead to purchase the preimpregnated fabric to be used to
make four tank sections for test and enough material Lo fabricate
three tanks. The irreversible system with 18l Volan A fabric was
selected for the further work,

The Air Force-furnished mold and serlal numbered parts 1, 2, 3 and
I were given ito the Alr Force.
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The program at that time was to use pre2impregnated cloth gores for
the tank fabrication.

In November 1967, MRC sent a representative to the Cordo Divislon
of Ferro Corporation, Mobile, Alubama, tc witness aind supervise the

preimpregnation of wing tank febric. Cordo requested the following:

1. Change boxing size to 50-75
handling. (This was granted).

2. Change from da2ionized H,0. (All MRC work was based
on delonized H,0 and thils could not be changed).

3. Change the resin solids from 51.11% to approximately
75%. oOur work indicated that if we dropped 5% acetone
content, we would have a thick gel that would not
impregnate the fabric. (No change was granted).

b, They wanted to know 1f we wanted the prepreg packaged
in mo!sture-proof bags. The answer was yes.

5. They wanted to know if a red 2-mil polyethylene
separator fllm would be satisfactory. The answer
was yes.

Cordo mixed two 55-gallon drums of resin mix. Two test runs were
made to adjust wlper blads settings, chamber temperature, and
velocity of fabric. Cordo ran a continuous run of over 650 yards,
taking samples at the beginning of Rocll No. 1 and at the end of
each roll to run resin solids, resin flow, volatlle content, and
gel time. All tests showed the material to be within specifilications
(see Figure 9). Between Roll No. 1 and Roll No. 2, a roll of 28
years was scrapped because of glass fuzz caught on the wiping blade,
Other problem areas included foaming of resin in resin bath during
impregnating, and resin plckup from tower rolls. The foaming was
stopped by circulating resin in resin bvath. The resin plckup from
tower rolls could not be stopped; therefore, there are small,
locallzed spots of excess resin on one surface of the fabric., The
Cordo certification of the material is shown in Figure 8, and the
Cordo product roll log 1s shown 1n Figure 9,

Two basic approaches were taken to detéermine if zone-curing could

be achlieved. The first approach was to locate a preform between two
caul plates. The caul plates and specimen were put in a rpreheated
press with approximately 1/3 of the specimenh under the heated platen
of the press. A 1/4 inch copper tube was located over and under the
caul plates next to the heated platen. The copper tube was crimped
on the end, and 48 No. 55 (9.952 dia.) holes were drilled on half=-
inch spacing. Compressed alr was passed through the tube to keep




the area not to be cured cocli (see Flgure 10). The part was cured
for 3 hours at 325°F and 30 psl. The specimen was cut in half, with
one plece 1/3 of this length cured and the other 273 yncuired. Hall
of the specimen was placed between two caul plates and press-cured
(see Figure 12).

A second approach was to vacuum bag a Layup of 12 plies (MRC-MS-001)
with a ply of nylon bleeder fabric and 4 plies of cotton bleeder
over the layup. A 6" diameter heating duct 12" long was placed over
the layup, and an infrared (250 watt) light was positioned approxi-
mately 13" above the layup. The light was turned on for 2 hours,
with the temperature ranging from 145°C to 152°C (293°rF to 305.6°F)
(Figure 11). The specimen, as shown in Figure 13, has a black line
representing the location of the 6" diameter duct arocund the cured
spot.

The press-molded process gilves a sharp, stralght line break in the
cured-uncured zone. The vacuum bag process shows a ragged edge
around the cured-uncured zone and also lndicates a possible bleed-
out (low in resin content) of resin adjacent to the cured spot.

Flexural test speclimens were molded and tested for any drop 1n
physlical properties in the cured-uncured zone after the part is
completely cured. These specimens were made with the press molding
process (see Table VII).

In December 1967, Monsanto Company developed a one-step process for
fabricating a wing tank of honeycomb sandwich construction. The
honeycomb was of Hexcel's aluminum honeycomb type Flex-core-5052-
.0025-3.7 1b/cu £t density. The Flex-core will provide the flexi-
bllity needed to fold the uncured wing tank. However when the tank
1s fabricated, we will have to use zZone-curing in conjunction with
the honeycomb sandwich construction. The zone-curling will help to
hold the honeycomb in place during folding and unfolding.

During our development of the one-step process, MRC fabricated two

panels approximately 12" x 12" using flex-core honeycomb 1/4" thick

with 6 plies of MRC-MS-001 prepreg fabric on each side of the honey-

comb. The panels were zone-cured (using our press method) on each '
end, approximately 2" x 12" (see FPigure 14).

Panel (serlal number) SN# HS-1 was folded several times as shown 1in
Figure 15. The inside skin separated from the honeycomb core, but
when straightened out to its original flat shape the part tended to
assume its original shape. The panel was then placed into a press

for final cure (see Figure 16). It should be noted that all sign
of wrinkles were removed and the panel appeared to have been cure

all at one time.




B. MRC PHYSICAL PROPERTY TESTING

To assure uniform testing of the pre-impregnated fabric, we selected
15 yards from Roll No. 1, U4, 7, 10 and 123 or Cordc Recll No. 4342,
4345, 4348, 4351 and 4354. The thirteen rolls of prepreg were manu-
factured in consecutive order. Roll #1 (or Cordo Roll #%3&2) was
the flrst made with the starting yard next to the paper core. This
meant that we would be sampling between manufactured yards #36 and
50, 185 and 200, 335 and 350, 503 and 518, 652 and 667.

Four test panels 12 in. x 12 in. x 0.125 in. (12 ply) were made from
each test roll sample. Particular care was taken to lay-up the
panels to give each ply the same warp direction, Each panel was
then molded for three (3) hours at 325° + 10°F at 30 psil, The tests
conducted on each roll of prepreg are shown in Table VIII. Three (3)
test specimens would be checked in each of three warp directions

0°, U5° and 90°, 1.e., nine (9) specimens from each test roll of
fabric. Five (5) test rolls were to be tested bringing the total

to forty-five (45) test specimens for each test. The layout of test
panels for each test roll 1s shown 1in Figure 17. The test results
are shown in Table IX.

Some additional physical property tests were conducted on samples
with varying cure cycles. One group of samples was cured for 3
hours at 325°F and 30 psl (same cure as specimens made and tested
in Table IX) plus a post-=cure of U4 hours at 400°F (see Table X).
These specimens appeared to be equal or less than those tested in
Table IX. Another group of samples was cured for 1 hour at 250°F
and 20 psi, and for 4 hours at 400°F and 30 psi (see Table XI).
Tests indlcated that thls cure cycle 1s equal to or less than those
used in Table IX.
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C. DESIGN CONCEPTS

1. General Approach

Ln order to achleve the general objective of this program, several

deslgn concepts were evolved. In the analysis of these design
concepts, primary ccenslderation was given to attalning the highest

pessible nesting ratlo, while maintaining structural integrity,
maximtm fuel capaclty and minimum weight requirements,

2. Design Concepts and Configurations

A large number of deslgn concepts typical to this type of program
were screened from the feasibility standpoint and the remaining
design concepts were grouped into three major categories, each
having several configurations as follows:

a. Hardback Design Concept

Full Length, Half Depth, Hardback

Full Length, Partial Depth Hardback
Partial Length, Partial Depth Hardback
Partial Hardback, wlth Bottom Stiffener
Saddle-Type Hardback with Bulkheads

P N N N
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b, Rigid Central Section Design Concept

(1) Bellowed Forward and Aft Sections
(2) Collapsed and Rolled Forward and Aft Sectlons
(3) Folded and Overlapped Forward and Aft Sections

C. Miscellaneous Design Concepts

1) Longitudinal Stiffeners

2) Hinged Partial Length Rigld Halves

3) Hinged Full Length Rigld Halves

4) Telescoplng Forward and Aft Rigld Sections

In order to make a selectlon of the best two design concepts from the
twelve different concepts presented above it was necessary to make
trade-off studiles from the welght, stiffness, nestability and fleld
erection standpoint. All these design concepts with their respective
cross-sections and/or end views are shown in Figure 18.
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3. Discusslon of Deszign Concepts

g, Hardback Design Concent

The a.(l) design concept 1s advantageous from the stiffness and load
carrying capabiliity viewpolnt. The ull length, half depth rigldized
hardback provides ample support for a thin shell, and the load path
1s wildely and uniformly distributed. This design concept cannot,
however provide more than 2 to 1 nesting ratio and also has the unde-
sirable featuie of excessive welght of the hardback. If the depth

of the hardback 1s reduced by moving the horizontal edges of the
hardback above the ¢enterline, (l1.e., the subtending angle 6 1s less
than 180°), design concept a.(2) results which, in addition to having
the advantages of design concept a.(1l), will have the ilmproved
nesting ratio of more than 2 to 1. With the process of design optimi-

zation in the reduction of subtending angle o, the nesting ratio can
be increased to 3-U4 to 1.

The a.(3) design concept, i.e., Partial Length and Partial Depth Hard-
back offers more collapsible area, therefore higher nesting ratio.

The smaller size of the hardback 1tself represents a reduction in
welght. However, the welght advantage gained in the reduced hard-
back size 1s offset by the additional weight of the excessive shell
thickness which 1s mandatory in thils design concept (due to absence

of bulkheads) to maintain structural stiffness.

Instead of 1ncreasing the shell thickness to achleve structural stiff-
ness, a longltudinal stiffener can be 1introduced to serve the same
purpose. This results 1n design concept a.(l), 1.e., Partial Hard-
back with Bottom Stiffener, which has good load carrylng capabllity,

but due to incollapsibility of the stiffener, the nestlng ratio is
limited to 2 to 1.

The design concept a.(5), 1.e., Saddle Type Hardback with Bulkheads
1s another way of malntainlng structural integrity of the tank with-~
out 1ncreasing the shell thicknesses. With this particular design
concept, it 1s possible to lncrease the nesting ratio by reducing
the hardback size and increasing the collapsible area of the tank.
The bulkheads provide a good load path of the rigidlzed hardback,

at the same time reducing the effective length of the unsupported
shell for buckling consideraticns. With intricate design, a nesting
ratio of 5-6 to 1 can probably be achieved.

D. Rigld Central Section Design Concept

In the design concept b.(1l), Bellowed Forward and Aft Sectlions, it
is possible to attain 3-4 to 1 nesting ratic, depending on the size
of' the central rigidized shell. This design concept also provides a
protective hard shell around the collapsible portion of the tank.
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iowever, the multiple folds produced by bellowed type of collapsing

create undesirable problems such as resin-rich and resin-poor areas,

reductiosn of strength, aerodynamically unsmooth surfaces, etc., 2ll

of which take place during the final cure thus rendering this con- l
cept disadvantageous. In general in collapsible fiher reinforceqd

plastic structures the number of the folds should be kept to a

minimum 1in order to avold the undesirable complications aroused by

the delaminations and the lateral interlaminar movement of the material.

The design concept b.(2) was intended to increase the nesting ratio
by reducing the shell size and rolling the forward and aft sections
to avold the disadvantages of bellowing type folds., This concept
was abandoned due to the resistance of the material to roll thereby
creating excessive lateral interlamlnar movement of the layers. A
by product of the above design concept is the b.(3) deslgn concept,
where the forward and aft sections were overlapped over the central
rigldized section to avoid folding delaminations in rolled concept.
This design concept, while eliminating the disadvantages of design
concepts b.{1l) and b.(2) above, creates larger girth size of the
tank in collapsed condition, thus Jeopardizing the nesting ratio
requirements.

In addition to the above two major categorized design concepts,
several unrelated miscellaneous design concepts were developed (few
of which are described below).

c. Miscellaneous Design Concepts

In the breakdown of the tank by components, the weight of the hard-
back and/or the rigidized central section in any one of the above
design concepts constitutes the major percentage of the total weight
of the tank. It was therefore deemed necessary to eliminate the
hardback and/or the rigidized central section by supporting the entire
tank with longitudinal stiffeners. These stiffeners are locally
reinforced and interconnected at the top of tank in the suspenslon
lugs area as shown in cross-section of design concept ¢.(1l) in
Figure 18. Although this design concept offers good load carrying
capability and considerable welght reduction, its nesting ratio is
compromised because the precured stiffeners prevent the effective
collapsing of the tank.

With the introduction of mechanical hinges 1in the supporting section
of the tank, it is conceivable to increase the nesting ratlo of the
tanks, due to lesser curvature of the rigid halves. This concept is
presented in the cross-section of design concept c.(2), i.e., Hinged,
Partial Length, Rigid Halves concept. The intricacy of design, the
hinge sealing prcblems and reduced load carrying capability of the
rigid sectlon combined with the difficulties that might be encountered
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in the fleld erection of thls type of constructlion are the undesir-
able features of this concept. The structural stiffness and the 1024
carrying capabilllity can be increased by extending the rigid supporting
section over the entire length of the tank as shown in ¢.(3) 1l.e.,
Hinged Full Length Rigld deslgn concept. This s3light improvement has
the penalty of excessive weight of the supporting structure and the
impracticality of having hinges at double curvature areas forward and
aft of the central cylindrical sectlion of the tank.

The c.(4) design concept i.e., Telescoping Forward and Aft Rigld Sec-
tions, has thne advantage of having the entire tank cured in sections
prior to shipping, thereby eliminating fileld curing difficulties. The
only curing to be performed at the field 1s the curing of attachments
and Joints, which could be accompllished at room temperature. However,
this design concept 1is not exactly wlthin the scope and/or obJectives
of this contract and 1s included here only as a suggestlon for future
contracts and design feasibility.

4, Conclusions

From the above dlscussions, 1t 1s apparent that in general each and
every design concept has certaln advantages and disadvantages. It
1s also apparent that 1n the final analysls, the advantages outnumber
the dlsadvantages of the hardback concepts. After a thorough eval-
uation of the hardback concepts by the WPAFB representatives,
Monsanto Research Corporation, and North American Rockwell Corpora-—
tion, from the welght, stiffness, nestabllity and ease of the fleld
erection, the selection of the design was narrowed down to two con-
cepts, design concept a.(2), Full Length, Partial Depth Hardback
and design concept a.(5), Saddle-Type Hardback with Bulkheads. The
selection of one of the above mentioned two deslgn concepts was
finalized by means of a seriles of tests of lay-ups, zone curlngs,
collapsibility, and final rigildization. The results are presented
in the next section.
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D. EXPLORATORY TEST PHASE

1, General Discussion of Tests

The resin system evaluation, the zone curing, and the physical prop-
erty tegts of the materilial used in this program were conducted. The
data were supplled by Monsanto Research Corporation, as described in
sections A and B, To gain further insight into the properties

of the material and its behavior under certain prescrlbed conditions
for tooling and manufacturing purposes, several exploratory tests
were carrled out at North Amerlcan Rockwell Corporation. Since some
of the phases of the tooling concepts were the first of thelr kind,
development required certain feaslbility tests on some of the mate-
rials and processes used, Also, In order to evaluate the two best
design concepts (selected in section C above) from the workability,
adhesion and collapsiblility standpoints, and thus be able to select
a final design concept, several test specimens were manufactured and
subjected to the above tests. These test specimens, simulating

various portions of the tank, will be discussed in the followlng
subsectlons.

2. Test Classificatilons

A1l the tests described in the above dlscussion are grouped and cate-
gorized under the following general classiflicatlons:

a. Tank Materlial Physical Property Tests

) Thermal Characteristics

) Compression Modulus and Ultimate Stress
)  Bearing Strength and Maximum Stress

)  Sandwich Compression Stress

) Compaction Rate
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b, Tooling Material Physical Property Tests

(1) Granule Compacticn Rate
(2) Thermal Characteristics of Female Tool Material
(3) Parting Agent Tests

C. Collapsibility Tests

Cylindrical Test Specimen c¢.(1)
Cylindrical Test Specimen c.(2)
Conical Test Specimen c¢ (3)

Conical Test Specimen c.(4)

Vacuum Burst Test >f c¢.(1) and c¢.(2)

o~
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d. Assembly Tests

(1) MNoze-Cone Doillng Ring Assembly
(2) Tail-Cone Bolting Ring Assembly
(3) Bulkhead Attachment and Bonding

3. Test Results

a. Tank Material Physical Property Tests

In order to determine the coefflclent of thermal expanslon and the
decomposition temperature two specimens with dimensions 7/16" x
15/16" x 3" were prepared from the material used for the tank manu=-
facture and subjected to the followlng tests:

Test 1 - Coeffilcient of Thermal Expansion, from Room
Temperature to 350°F.

Test 2 ~ Decomposition Temperature

Four runs were made on specimen used 1in
Expansion was the same in all four runs
bility. These data are shown in Figure
Exp nsion (a¢) 1s calculated as follows:

. ooy 0.10
(78°F - 350°F) = 1557356=7E)

a o = 0.10

test 1, (R.T. to 350°F).
indicating good reproducil-
19, Coefficient of Thermal

= 3,6 x 1076/0°F

= 6.6 x 1078/°¢C

It was also observed that the welght loss in these four cycles was
only 0.069 grams on an orlginal specimen weight of 37.247 grams,

Specimen #2 was used in test 2 and run to decomposition,

The per=-

cent expansion through 350°F was ldentical to that of Specimen #1.

Decomposition occurred at 5U5°F(285°C),

The recommended temperature

limit therefore is 500°F, which 1s far beyond the working temperatures
for this contract. The weight loss con this specimen (originally
weighing 37.044 grams) was observed to be 0,721 of one gram. The
Coefficlent of Thermal Expanslon (a) can agaln be calculated from

the data of this specimen shown in Figure 19.

a o - 0.17
(78°F - SUS°F) = 105(545-78Y

il

Q.17
100(285-26)

®(26°C - 285°C)

]

3.6 x 1078/°F

6.6 x 1076/°C
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Tests 1 and 4 wers ru- on HARAOP Adtomatic Recoralng Thermal Expansion
Dilatometer.

The Cumpression Modulus and Ultimate Stress test, the Bearing Strength
and Maximum Bearing Stress test and the Sandwich Compression tests
were nonducted primarily to study thc hardback and the precured land
area characteristics

For the Compression Modulus and Ultimare Stress, test specimens were
prepared from 12" x 12" panels made from a laminate of 12 plleg of
tank material The specimens were machined and tested as per LP 406
Method 1021 of Refereace {2). Two cure temperature and pressure
combinations were used: 325°F with 30 psl pressure and 1-~1/2 hours
curing time; and, 425°F with 15 psi pressure and 1-1/2 hours curing
time. Anticipating reduced cure pressure requilrements (in case the
pricr combination resulred into complex tooling build up) which
could be compensated by lncreasad temperature, the second pressure
and cure temperature combination was conducted. The results of the
above tests are shown 1in Table XIII. It can be cobserved that the
Compression Modulus 13 higher than thoss supplied in Section A and

B above.

The test specimens for Bearing Strength were machined and tested as
per LP 406 Method 1051 5f Reference “2). The tank material was
cured at 335°F us:ing L2" x 12" lamlnate of 12 pli2s, unde: vacuum
bag pressure. The results of #4% deformation of the hole and maxi-
mum stress sustalined by rhe flve specimens are shown in Table XIV
of Appendix IT.

The use of sandwlch structure for the hardback and the bulkhead
components necessltated two Lests for study of the adhesion of the
material to the sandwich core The first test, involving two test
specimens concentrated on the aresa where the two 0.040 inch tank mate-~
rial skins were bonded to the sandwich core with EC2216 adhesive.

The second test glso involved two specimens with the sanme geometry,
but no adhesive was us2d. The test results are as follows:

Specimen Skin Load Stress
Number Thickness Lbs. psi
1 2 x 0.0480 in, 830 §,943

]w/adhesive
2 2 x 0.040 In L,hQo 14,956

1 Z x 0 080 in 1,160 12,846
]LV/O adheslive

2 S ox 0.000 1r 1,090 11,5446




Although the averages of the first and second tests are very close
(11,949 psi and 11.996 psi. respectively) the sonsisteancy of the

results of the second test data indlcate that when using the tank
material 1in a sandwich structure, nc adhesive 1s necessary and the

tank material has good acdhering propertles

In order to establish the varilables controlling the dimensilonal
tolerances of male mandrel and {1lnal female curing tocl, a tank mate-
rial compacticn rate test was performed as follows:

Test 1 was conducted with uncured material to establlsh average
material thickness under hand welght in lay-up. A welghted dial
indicator was used on one lamination as shown 1n Figure 22. To
simulate hand pressure, a 1.8 pound welght was used over a clrcular
area (1.875 in. diameter). This 1is equivalent to about 12 pounds
pressure per average hand. The regults of flve specimens varied
from 2.016 to 0.018 inches in thickness. Test 2 was conducted in a
similar manner as Test 1 to establish the thickness of bullt-up
laminate of 4, 8 and 14 plies. The averages of the results were
0.061, 0.119, and 0.208 inches of thickness for 4, 8, and 1! ply
laminates, respectively. Thls indlcates that the compaction rate
incereases with increased number of plies, because the average thlck-
ness of each ply in the above laminates was 0.C155, 0.0149, and
0.0148 inches, respectively.

Test 3 was performed to establish the thickness of a bullt-up
laminate under vacuum pressure. The vacuum was applied after the
lay-up of each two plies as shown in Figure 21(c). The results of
4, 8, and 14 ply laminates were 0,0515, 0.0995, and 0.1735 inches
in thickness with individual ply thilcknesses of 0.0129, 0.0129

and 0.0124 inches, respectively. The end precduct, i.e., the 15

ply laminate, was cured under vacuum 335°F, and a new set of thilck-
ness measurements indicated a variation of 0.172 to 0.175 inches on
the entire area. 1In test 4, a total of 14 plies were laild-up and
vacuum-bagged only once. The laminate was cured under the same
conditions as test 3, and the results of the measurements had a
variation of 0.187 to 0.194 inches. An intentional wrinkle was put

in the bag material, as shown in Figure 21(d); however, no appreciable

effects were noted. The comparison of the flnal results of tests 3
and 4 indicated beneficlal effects of multiple vacuum-bagging on the
overall lamlnate thickness,

b. Tooling Materlal Physical Property Tests

The under vacuum compaction rate of the "SCR Veri-Lite" granules used
in the construction of male mandrel was part of the overall require-
ments for establlishing the variables affecting the dimensional toler-
ances of the tools used in thls program. A metal cylinder approxi-

mately 12" high and 22" in diameter was used as a preliminary tool in
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ctornan i, Lhiis rate, The Inside of the cylinder was lined with
vacuum bag muterial, sealed and filled with the above mentioned
granules. The tesl set-up 1s shown in Filgure 23. 1In rl1lling the
cylinder with granules, compaction was achleved by hand vibrating
the entire assembly and then applying vacuum to the bag. The
reduction 1n the overall dimensions was much less than aynected.

An accurate messurement indlcated a reduction of 0.030 inches in the
22 inch dlameter and almost no change in the height of the cylinder.
This factor and Lhe relatlvely lucipeuslive coslt of Lhe SCR Veri-Lite
granules was conduclve to the decislon of manufacturing the male
mandrel from thls materilal.

In order to determine the coefficlent of thermal expansion of the
materlal from which the final curing female tool was to be manu-
factured, two specimens with the dimension of 3" x 3" x 1/2" were
prepared from the followlng composite:

2 Plies of 27122 Surface fabriec (TREVARNO)

L Plies of 2P146 0.015 Glass fabric (TREVARNO)

6 Plies of H21 Tricon 0.070 Glass fabric (WIMPHEIMER)
FR 117 Surface Preparation Resin

FR 41 Laminate Resin

These specimens were tested 1n HARROP Automatlc Recording Thermal
Lxpansion Dilatometer for the following three tests:

l'est 1 -~ Ceoefficlent of Thermal Expansion from, Room
Temperature to U00°I" in the x-—direction

Test 2 - Coefflcient of Thermal Expansion, from Room
Temperature to 400°F in the y-direction

Test 3 - Deterioration Temperature

For tests 1 and 2, the percent expanslon at U400°F (204°C) was mea-
sured in x-direction. The speclimen was then rotated 90° and measured
in the y~direction., The temperature then was lncreased for test 3.
The first signs of deterioration appeared at H4E5°F. The results of
all three tests are shown in Figure 20, The recommended top tempera-
ture limit for this materlal is H400°F.

The coefficient of Thermal Expansion (x) 1s calculated as follows:

For the x-~dlirection:

o ORLl oR = 0'3 = -6 /0
(78°F=4h00°F) TO0 (007 9.3 x 107%/°F
*(269C-20U40C) = O = 16.9 x 1076/°C

; S 100 (2nh=26) )

TRNES B3 TP e




e e — g~

- - T -

For the y-directlon: {

(7807 10007} = reliflome - 8.4 x 107%/°F
"(e6oc-2000C) = .27 = 15.2 x 1076/°C
¢ = T00(200-2 2 x

As indlcated by the curves of tests in the y~direction on Filgure 20,

there 1s an apparent phase change with an accompanying volume 1increase :
at approximately 300°F (165°C). This does not appear in the test S
curve for the x-direction and does not reflect a significant change. -

Also, the weight losses and dimensional changes after two exposures
at 400°F were nil, '

Because of close tolerance dimensioning of the tank and final female
curing tool and 1n order to avold freezing the part in the tool, 1t
was necessary to have one of the begt mold releases or parting agents.
Two major tests were conducted with emphasis on the materials used
and the sequence of operations as follows:

In test 1, the tool surface was first cleaned thoroughly (with steel

w:0l and solvents) of all excess resin build up. After applying

leclthin to the entire surface, the tool was put in the oven for one §
(1) hour at 200°F. Excess lecithin was wiped from the surface after ;
removing the tool from the oven. After repeating the above opera- ;
tion three times, three coates of Number 2130E Parting Agent was

applied to the tool surface (allowing each coat to dry 1/2 hour) and

then buffed. As a last step, fluoroccarbon was appllied without wiping.

In test 2, the tool surface was agaln cleaned of all foreign matter,
coated with R671 agent, and placed in the oven at 300°F for 12 hours.
After cooling down the tool, three coats of Traffic Wax Paste was
appiied to the tool surface. Each coat was allowed to dry for 1/2

hour and buffed prior to the application of the next ccat. Finally
fluorocarbon was applied without buffing.

Because the results of test 2 were far superior to those of test 1,
the second methcd was adopted 1in manufacturing of the tanks.

C. Collapsibility Test

To demonstrate and evaluate the abillty of the tank structure to
ccllapse and expand with ease and to substantiate the advantages of
previcusly selected design concepts, it was necessary to fabricate
several test specimens representing critical sectlons of the tank
and test these specimens early 1n the design phase of the program.
These specimens were fabricated with dimensions wilthin acceptable
tolerance (+ 1/4 in.) to the actual dimensions of the tank.
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At the outset, it waz in-ended t> zone cure the precured areas by
heating blanket= and by applying the pressure through the autoclave.
This method, howev:r. was unsatlsfactory due to uneontralled and
uneven application of heat and complicated elentrical and vacuum
hook-up. An earlier test specimen with all its complexity of wirlng,
ete,, 1 cheown in Plgurc 24, Conseguently, the entive sone curing
procedure was revers=2d, 1 e , it was decided to apply heat and
pressure thrzugh the autoclave and cool the collapsible (uncured,
B-staged) portion >f the tank by means of water conduits. The

tonls and their fabrication for these test specimens and also for
the bolting rings are described in Sectlon F and shown in Filgure 25
and Figure 28

A total of four spe-imens were fabricated, two fo., each of the deslgn
concepts selected in Section C, L e., one cylindrical and one conilecal
test specimen [c¢.(1l) and ¢.(3), respectively] for design concept
a.(2) - Full Length, Partial Depth Hardback, and one cylindrical and
one conical test specaimen [¢.(?2) and c.(4), respectively] for design
concept a.(5'-8Saddle-type Hardback with Bulkheads. In the case of
the later specimen, 1t was decided that, for the test phase above,
the U5° inclines at each end of the hardback [See Figure 18, a.(5)]
should be elimlnated to simplify the labrication of the test -pecimen.
The inclines were made perpendlcular to the edge of the hardback,
similar to design concept a.(3) as shown ln Figure 27.

The hardback sections of both c¢ylindrical test specimens were fabrl-
cated from a sandwich structure consisting of two skins consistlng
of seven plles of tank material and 3/4 1n. thick flexible aluminum
alloy core. The design drawings for both cylindrical specimens with
pertinent details arz shown in Figures 26 and 27.

The first specimen tested, the cylindrical test specimen ¢, (2),
represented the cylindrical section of the tank In the saddle~type
design concept with the above mentioned deviation. Figure 30
represents the precured and assembled partial hardback. Figures 31
and 32 show the collapsible portion of the test specimen added to
the above hardba~k, B-staged and collapsed in a multiple fold,
indicating the f-astbility of a good nesting ratio of this concept.
Flgure 33 shous the flnal produzt after the test specimen was
expanded and rigidized by curlng in 325°F temperature for three

(3) hours

The second specimen ' be tested was the conical test speclmen c.(4)
representing the afr - racal section of the tank i1n the saddle-type
design concept [ the tinai tull scale tank design, the forward
and aft conlcai sections of the tank were nested in a precured
component used for the arvtachment of the nose and tail cones. These
components or Bolr:ing Kiag, were alsd simulated for the test speci-

mens ¢ (3) and ¢ () The aft conical section wasg laid-up from seven
plies of tank ma'orial in accordance with the design drawing of
Figure 29,
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The three conditlons of this conical test specimen (collapsed after
B-staging) expanded and final cured conditions are shown in Filgures
34, 35, and 36, respectively. Both of the above specimen; wsre
enred nndsr valuum vag pressure (A14.7 psil) due to a malfunction in
the autoclave, and the fact that the tests had to be witnessed by
Monsanto Research Corporation and Wright=Patterson Air Force Base
representatives who were present at that particular date.

Both of the following test specimens, i.e., cylindrical and conical
test specimens [c.(1l) and ¢.(3), respectively] representing the
cylindrical and conical sections of the tank in the Full Length
Partial Depth Hardback design concept were cured under 30 psi
pressure, at 335°F for 3 hours.

The cylindrical tool and the vacuum bagged cylindrical test specl-

mens can be seen in Figures 37 and 38, respectively. Figure 39

represents the B-staged and collapsed cylindrical specimen c.(l),

and Figure 40 is the final product after expansion and rigidization.

The conical test specimen tool and the cooling colls before and after :
curing of the upper portion of the specimen are shown in Figures 4l i
and 42. The collapsed specimen after B-staging, the expanded and ‘
final cured product are shown in Figures 43, 44, and U5, respectively.

The results of all four test specimens above, especially the cylineri-
cal test specimens, were exceptionally good., In addition to demen-
strating high nesting ratio, the tank material exhiblted good worka-
bility and excellent jolning and bonding propertiles,

The buckling stresses were the most critical because of negative
design requirements. Therefore, the two c¢ylindrical test specimens
were subjected to a vacuum burst test to substantiate the shell
thickness established 1in the stress analysls section of thils report.
Both ends of each cylinder were blocked and sealed as shown in the
test set-up in Figure 46. The cylindrical test specimen ¢.(1) which
was 34 inches high falled at -13.5 psl pressure, i.e., at 150% of
design pressure. The cylindrical test specimens c¢.(3) which had a
height of 28 inches did not faill in buckling or in Jolnt separation
at almost perfect vacuum. This represents a 160% level of design
pressure, No pressure loss or leakage was observed in eilther of

the two cylinders.

d. Assembly Tests

A review of final design and tool drawings indicates an opening at

the forward and aft ends of the wet portion of the tank., These

openings are designed for the removal of the male mandrel supporting

shaft after tank lay-up and subsequent B-staging. To block and seal )
these openlngs, a precured component was deslgned to accept the
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conlcal forward and aft sections of the tank. These coniponents,
(shown in Figures 47 and 48) termed Bolting Ring and Pan, in addition

to sealing the tank onds alss serve the aual purpose of bolting the
nose cone and tall cone to the tank.

Except for their size, the assembllies for the nose and tall cones
bolting rings and pans are identical., The ring and pan were bonded
with AF-126~2 adhesive and cured in accordance with Process Speci-
fi:cations, Appendlx V. This assembly was then bonded to the tank
end by applying EC-2216 acdhesive to the faying surfaces., Assembly
tests, necescary to assure perfect bonding with no leakage, were
conducted simultaneously with the conical test specimens of the
enllapsibllity test Iin sub-section c. above. The precured tolting
ring and pan, resubjected to heat in the process of curing the conilcal
test speclimens, exhibited some softening of those areas that did not
have pressure applied to them. This softening 1s characteristic of

most epoxy matrix materials. It 1s somewhat excesslve, however,
in the tank material.

Because of this softening of the tank material in the process cof
reheating, the bulkhead attachment tests were abandoned, and it was
concluded that the tank material 1s nct sultable for fabrication of
precured components such as bulkheads, bolting rings, pans, and
attachment angles. Since the material to be used for the fabrication
of the above mentioned compcnents was optional, it was decided to

use 181lE glass instead.

b, Concluslons

Based on the result. ~f the above exploratory tests, expeclally the
collapsibility test in sub-section c¢.,, 1t was concluded that the
deslgn concept ¢.{5), 1.e , Saddle Type Hardback with Bulkheads is
by far the most advantageous design concept. These advantages are:
1) higher nesting ratio, presently 3-4 to 1 and possibly 7 to 1 with
overal) design optimization, 2) weight saving feature of the partial
hardback compared to full length hardback, 3) stiffness and good
load carrying capabllity with the 1ntroduction of bulkheads, and

4) ease of field erection and final curing.
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E, FULL SCALE TANK DESIGN AND ANALYSIS

1. Discussion

In the preceding sections 1t was determined that the design concept
a.(5), 1.e., Saddle-Type Hardback with Bulkheads was the most suitable
design concept for this development program. In addition to the
advantages enumerated, the final design configuration was also dictated
by 1) trade-offs 1in the engineering, tooling and manufacturing efforts

and 2) certaln preferences of Air Force and Monsanto Research Corpora-
tion,

At the outset, 1t was obvious that the number of precured bulkheads in
a collapsible tank should be kept to a minimum in order not to Jeopar-
dize the nesting ratlo or affect the simplicity of fleld erectlon..
The shell thicknesses of the tank tend to increase as the number of
bulkheads are reduced thus Increasing the welght of the structural
Integrity equivalent to that of the metal tank which not only 1is
constructed of higher strength material but also has geven stiffening
bulkheads. Several stress analyses, therefore, have been performed

to determine the optimum trade-offs of structural integrity, tank
weight, and nesting ratio.

While designing the collapsible tank, a new and unique method of
curing was adopted at the North American Rockwell Corporation. The
method which has been 1n the laboratory stage for the last few years,
consists of curing the B-staged seml-final product with positive
pressure (as opposed to the conventional vacuum bagging method).

The above method 1s the first known 1lndustrial a%plication for such

a full scale component. The expandable elastic bag, deslgned to apply
positive pressure to the tank, served the dual purpose of belng the
male mandrel tool for the flber glass lay-up. For thils reason, the

detalls of the bag development are dlscussed in the tooling sectlon
¢f this report.

2., Deslgn Considerations

The factors affecting the full scale collapslble tank deslgn were

influenced by several independent and major components of the tank
including:

Physlcal size of the hardback
End cone attachments

. Internal piumbling of the tank
Access hole for repairs

o oo
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Each one ot these design factors 1s discussed in the following sub-
sections. The design drawings and detalls are ircluded as Filgures
49 through 57 inclusive, in Annendiy T. |

a. Physical Size of the Hardback

In a prellminary stress-rnalysis flater substantiated), it was indi-
cated that the use of two bulkheads was sufficlent for the strength
requirements of the collapsible tank after rigldization. In addl-
tion to locating these two bulkheads somewhat equidistant from the
center of gravity of the tank, it was desirable to limit thelr =xtent
to the cylindrical portion of the tank, i.e., Stations 66.0 to 100.0,
for uniformity of design, tooling and manufacture. It was also
deslrable to encompass these bulkheads with the widest possible section
of the hardback to create better load carrying capabllity. Also the
subtending angle 6 was kept at 180° to facilitate the assembly of the
bulkheads. As a result, the wldest section of the hardback had to be
at least 30 inches long and seml-cylindrical. The two e&nds of the
hardback were beveled upward toward the upper mold line of the tank,
thus making the longest dimenslon of the hardback about 60 inches.

Initially the hardback was to be bonded to the ¢ollapsible portion
of the tank. Accessibility requirements dlctated that the hardback
be bolted instead.

b, End Conhe Attachments

One of the factors affecting the design of the final configuration of
the tank was the problem of attaching the nose cone and the tall cone
and fins to the tank wet area (see Figure 62). To avoid the compli-
catlons of sealing for fuel leakage, it was declded that the end
cones would be bolted to precured parts, termed Bolting Ring and Pan,
and then would be bonded to the main body of the tank. Allowances
were made by stepping both the design and toollng of the tank to
accept the Bolting Ring and Pan assembly while maintaining the aero-
dynamically smooth surface of the tank.

C. Internal Plumbing of the Tank

Initially, the Northrop Corporation F-5 metal wing tank was to be
cannibalized, and certain components including the internal plumbing
in the collapsible tank was to be used Irstead, a Sergeant Fletcher
tank with different mold line data, plumbing layout and dimensioning
was delivered +o Norrh American Rockwell Corporation by the Air

Force. Since, at the time of delivery of the new metal tank, the
deslgn of the collapsible rtark was wel! advanced in accordance with
the F-5 tank data, the use of the internal plumbing in the collapsible
tank was abandonad due to dimensional and layout mismatch. However,
this situatlion did not eliminate the potential use of gas cap, vent
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line and fuel line nipples, suspenslon lugs and sway brace contact 1
points in the design of the outer skln of the collapsible tank. This

necessitated making speclial provislons for local stiffness in the

hardback arca foi sdne ol iLhe above mentioned rittings and extending :

the length of the hardback to 1nclude all the fittings.

d. Access Hole for Repalrs

Although the actual installation of plumbing was eliminated, it was
still necessary (for realistic simulation) to have an access hole for
plumbing repairs in the upper central portion of the tank. The
diameter of the access hole in the metal tank was in the vieinlty of
8 inches. The Alr Force, however, preferred to have an access hole
of at least 18 inches in dlameter. The size of thils access hole

and the fact that there were no provislons made for having bulkheads
Immediately adjacent to it endangered the load carrying capabllity
of the hardback. Flnally, it was decided tc elimlnate the access
hole altogether and make the entire hardback removable in order to
gain access to the interior of the tank for repalrs.

There are two advantages assoclated with the above change. Flrst,

the bulkheads can be permanently installed in the tank, by bonding,

after the collapsible portlon of the tank is rigldlzed. Secondly,

more bulkhead to tank skin contact area can be achleved with the

possibility of lowering the bulkheads into the tank parallel to the

longltudinal axis of the tank and then rotating them 90 degrees 1in -
the transverse directilon. “

3. Stress Analysils

This program required performing a stress analysis using standard

handbook equatlons that do not include the effecis of dynamlce loading, i
creep, fatigue and/or temperature. For this static stress analysis, Y
Equations 1 and 3 have been used extensively. i

The envelopes of Maximum Shear Vi, Twisting Momeut My, and Bending
Moment Mp cbtalned from Equation 1 are reproduced in Figure 60. The
two shell buckling parameters used in this analysis are obtained from
Equation 3 and reproduced in Figures 58 and 59.

Three different types of analyses were performed as follows:

a. Preliminary Analysils for Tentative Shell Thickness
b. Configuration Trade-off Studies
c. Final Stress Analysis 1

The latter two analyses are basically similar except for the unsupported
effective length between the stiffeners and/or bulkheads.




a. Preliminary Analysls for Tentative Shell Thickness

A non-dimensional analysis has been performed at the most critical

sectlon of the tank to arrive at 2 tontative shell thlckness ol the

fiber glass tank as a starting point to account for changes In the |
modulus of elasticity (E), effective cylinder length (L) using the

margln of salely equations (Equation 1) below.

2
M.S., = = - = - 1 (1)
Rp + R + J(RP + Rg)2 + 4(Rg + Rgn)

The ratios of compressive stress due to external pressure (Rp), com-
pressive stress due to bending (RB), shear stress due to transverse :
shear (Rg) and shear stress due to torsional shear (Rgr) are propor- ;
tional to E, t, and L in the followlng manner,

2 2
RP v "'Ii'— » RS v L_— 3
Et3 Et3
) (2)
1 L
R, » —— Rem Vv Sm
B g2’ ST g3

Letting the subscript zero denote the properties of the original metal
tank, the non-dimensicnal values of the above ratios become

BRI
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where Ag, Ap, Ag and Agp are non~dimensional constants for thelr

respective ratios of Equation 1 and are used for 1lteration purposes
only.
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Substituting these values 1n Equation 1 and factoring out the pre-
dominant elements the following non-dimenslonal equation results:
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Due to the presence of t and L in AB of the denominator, it seems that
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is much smaller than the rest of the ratios the sclution can be obtalned
in one or possibly two iterations.

} The original metal tank has a bulkhead frame spacing of approximately
20 inches. If no bulkhead frames are used in the fiberglass tank and
an effective length of 1l4C inches 1s used, then

ey L ok

Lo 140
—_— = —_— = 7
L 20
' and since the value of <o ) <L0> must equal one to maintain the
to L Eq
original safety margin, then; x
Lo

Eo

Using the compression modulus of elastlecity of the tank material as
2,457 x 105 psi in the above equation, we will have

éms'i/’lo x 106

2.057 x 106 ‘

the maximum ty used in the metal tank i1s 0,071 in. therefore ;H
t = (5,8425) (0.071) = 0.415 in, 1{

cHet
]

0
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) This thickness which 1s equivalent to some L0 plies of tank materilal !
obviougly 1s intolerable and the effective length should be reduced. }t

One way of reducing this effective length 1s to account for the stiff-
ness contribution of the conlcal ends. This results in an effective
length of 100 inches which gilves the new thickness of:

3710012
t = [ e ] (0.415) = 0,331 in.

It should be noted that both the above thicknesses are prior to

iterations in equation (4), and can be reduced by further iteration,

, However, an 1lnspection of equation (4) will indicate that these thick~

‘ nesses can not be reduced by more than 20%, therefore a conliguration t
» better than the unstiffened shell seems necessary.




b. Configuration Trade-off Studies

Since both the above thilcknesses will result Into excessive welghts
far the tanlk shell  the offoetive lengtihh L shwuld [urther be reduced.
"~ best method of reduclng this effective length wilthout Jecpardizing
- shell buckling characteristics 1s the use of bulkhead frames. If
Lhe same number of bulkhead frames are used Iln the fiberglass tank

as were used in the aluminum tank, 1l.e., Lg then;

= = ]
3 EO L
t = \/ E—to = (1.597) (0.071) 0.113 1in.

which directly accounts for the difference 1n the moduli of elasticity.

il

With the usage of bulkhead frames the M.S. calculatlons, specifically
the ratio of Rp, should be based on a short cylinder assumptlon, hence
the new ratic of compressive stress due to external pressure 1s pro-
portional to E, t, and L as follows:

t°>2<E°>

1

R = & A [ )| — (8)
P opg2 P<t E

which, 1f substituted in Equation (1) with the rest of the ratios of
equation (3), will yleld:
t \*(E
{5 (&)

M.s. = -—
Ap + Ag + \/(AP +Ag)? o+ 4 BAS + AST)(E{)(%E{]

The solution of this equation is also an iterative one due to the
presence of L and t in the demoninator, and the initlal value of t
can be obtained as follows:

2f =0 2 [0 _x 10°
t =N to = \/rmereose (073 = 0.143 in,
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A relatively small shell buckling program has been prepared on a i
digital desk computer (RECOM II), and. using the ahove thicknessses

as a starting point, several runs have been made to arrive at the

! minimum thicknesses to determine the smallest possible positive

margin of safety. The results of the final runs are shown in
Table XIX.

» J
The equations and graphs used for these calculatlons are obtained :
from Reference 2 and are as follows:
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whence the stress ratlos beconme:
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c. Final Stress Analysis

From the analyses performed in subsectlons a. and b, above and from the !
comparison of stress ratlos and margins of safety in Tables XVII and

XVIII, (specifically the data concerning Rp, (the buckling stress ratio

due to hydrostatic pressure), it 1s evident that the major contributory

i




factor 1in the buckling stresses of ths tank shell and consequently
the bulkhead frame spacing is the negatlve tank pressure. It was
suggesied by the Alr rorce that a comparative stress and welght
anelysls based on the following two loading cases be conducted:

CASE I CASE II
2 psl worklng pressure =3 psl working pressure
-4 psi proof pressure -6 psl proof pressure
-6 psi collapse pressure -9 psl collapse pressure

3
&
3
2
2
z
=
E
=
=
=2
=
=
~
3
E
-
=
1
=
=
3
g

A total of 24 optimization analyses were performed with the above K
pressure combinations using factors of safety of 1.25 and 1.50 _
(suggested by Air Force) both on a tank with bulkhead frames at 34

inches and on a tank wlthout bulkaieads. The welght calculations

were based on the summation of computed welghts of frustums, 5 Inches

high, 1.e., at every 5 inch station, using average thicknesses and

average radii as shown in the equations of Pilgure 63.

' ;mw

The results of proof pressures only, l.e., 4 psi and 6 psl, are shown
in Table XV. Based con the data from the above mentloned analysis,
the Alr Force and Monsanto Regearch Corporation representatives
selected the followlng confilguration for {inal analysls:

Case 1 Loading: -2 psl working pressure
-4 psi proot pressure
-6 psil collapse pressure

B, .. i b

factor of Safety; F.8. 1.50

Bulkhead Spacing; 30 inches

Anticipated Tank Welght; 119.25 pouands

Young's Modulus; E = 2.547 x 106 psi ;
Polsson's Ratio; Ve = 0.114 ?

A final stress analysis of the tank shell has been performed using
the above data, and the results are recorded in Table XIX. Due to
symmetry, only ocne half of the tank 1s analyzed and the values
duplicated for the other half. In thils table Column 1, 2, and 3
represent the tank stations, tank radii at these stations, and the
thicknesses used, respectively. If the thicknesses in Column 3 are
multiplied by a factor of 100, the resulting integer indlcates the
approximate number of plles used at each station. Column 4 1s
obtalned by multiplication of Columns 2 and 3 and the results are used
to obtaln the "length-range parameter" Zp of Column 5, Using this

;
g
&
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parameter, the buckling coefficlent of hydrostatic pressure k, and

the buckling coefficient for cylinder in torsion k. are chtaihed from
Figures 58 and 59 and recorded in Columns 6 and 7. Using the above
coefficients, the allowable compressive stress due to hydrostatic
pressure, Fp.o, the allewable shear stress due to torslional shear FSTCR’
the allowabl&'shear stress due to transverse shear Fangs and the
allowable compressive siress due to bending FBC of ngumns 8, 9,

10 and 11 are obtained, respectively. Colunmns §2, 13, and 14 represent
the bending moment, the twilisting moment and the transverse shear load-

ings on the tank structure, respectively, which were also obtalned
from Equation 1.

The actual calculated stresses of the tank are shown in Columns 15,
16, 17, and 18 which represent the stresses due to hydrostatic
pressure, twisting moment, transverse shear and bending moment,
respectively. The ratios of these actual stresses to allowable
stresses 1s represented by symbol R (R, being the ratio of fp to FPCR’
etc.) which are recorded in Columns 21pthrough 22, Using an
orthogonal combination of these ratios, li.e., the same equation that
has been used for the design of the metal tank, the margins of safety
for each station has been obtained as shown in Column 23,

The numerical calculations of all the above analyses are tabulated
in Tables XVI, XVII, XVIII and XIX, and the description of Columns

1 through 23 for the later table in paragraph above 1s applicable
to all four tables.

4, flat Pattern Gore Development

Unlike the metal tank, the plastic tank makes it possible and ad-
vantageous to have variable thicknesses throughout the length of

the tank. The metal tank was deslgned for two levels of maximunm
loads, one for the ¢ylindrical and the other for the conical sectlons;
hence two unlform thicknesses of sheet metal were used for the con-
struction of the tank shell. This uniformity of thickness in sheet
metal cannot be avolded. However, through an c¢ptimization technlique
In the design of lamlnated fiberglass structure, it 1s possible to

drop off laminates to conform with stress dlagrams and stlll satisfy
the load carrying requirements.,

As can be seen from the final stress analysis (Column 3 of Table XIX),
the shell thicknesses have been dropped off at various statlons from

a starting thickness of 14 plies at the cylindrical center of the tank.
The tank shell, therefore, consists of several concentric and conlcal
frustums, which if developed, form the flat pattern gores shown 1n
Figure 64. Another advantage of having precu: and preformed gores

1s the fact that no wrinkling of material takes place in the lay-up

due to reductlon of radil in the conical ends of the tank.
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A small digital computer program was prepared to generate the informa-

! tion needed for detalling and drawing the gores. In order to avoild
bulging in the thicknesses throughout the length of the tank, the

: overlaps have been distributed as evenly as possible. 1in the conical

t portions of the tank, the wldth of the gores has been limited to

gbout 15 inches or under £n eliminate the effect of excessive wrinkling

in the lay-up process.

A

The overlaps in the longitudinal directlon have been influenced by
two factors: 1) no two overlaps should occur at any one station
and 2) each overlap should be imbedded between two solid laminae.
‘ The overlaps 1in the clrcumferential dlrection are controlled only by
: a minimum space of 2-3/8 inches in the cylindrical section and a :
minimum space of 1-11/16 inches in the conical sections of the tank. =
' By following an almost symmetrical pattern of the longitudinal over- ;
laps, 1t was possible to create several symmetrical and 1dentical h
gores and reduce the number of the templatesz requlired to produce 3
all the gores. These parts are ldentified wlth connected arrow
lines in Flgure 92.
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F. TOOLING

5 GOSN

1. Discussion ,
The use of Nerthrop Corporation's F-5 metal wing tank as lay-up

male mandrel and the possibility of adding one or two other tools
was contemplated. However, as the design concepts, exploratory
testings, and the filnal deslgn conflguration evolved through
numerous trade~off studies and other design conslderatlons, the
tooling concepts and tool deslgn parameters alsc went through a
similar evolutlion, discarding all the previously conceived ideas
and resulting in the generatlon of the present complex tooling.

O PRI WD
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As the entire project was aimed at exploratory development to
determine the feasibillty of an expandable rigidizable external
aircraft fuel tank, the tooling design and the processeg for
fabrication to accomplish thils task were alsc, to some degree,
exploratory. Socme of the experimental studlies for gaining better
insight into the msgterilals from which most of the tooling was
manufactured are discussed in preceding subsections. Also, some
of the processes, adopted for the first time 1n the industry for
a program of this magnitude, will be described in the following
subsections.

The entire toollng concept, tool design and fabrication were based
on the fact that cnly two prototype tanks were required. All
tooling, therefore, was "soft" or non-productive type. Also, <
at the very early stages of thils program, it was ascertained N
that the only toocls to be delivered to the Alr Force consisted p
of the final female curing tool, hence only this tool was buillt
to stand shipping. The remainder of the tools and, 1n some
cases, thelr supports were constructed without consideration

of any shipping and/or longevity.

In addition to the exploratory tests of tooling materials, the
tool deslign, and the fabrilcation preccesses, a certaln amount

of research and engineering work was necessary to develop the
particular dual purpose bladder bag, needed for both application
of positlve pressure and its use as a male mandrel.

2. Tocl Design Considerations

For the fabrication of the collapsible tank with all 1its appur-
tanances and the test specimens discussed earlier in this report,
three types of tools were developed as follows:

. a. Exploratory Test Specimen Tooling
b. Final Full Z2cale Tank Tooling
c. Peripheral Component Tooling
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Each one of the above three tooling categories consists of several
different types and sizes of tools which are the result of numerous
trade-off studies 1in tooling concepts and tooling design considera-
tions. Figures 25, 28, and 66 through 75 inclusive represent the
design drawings and detalls pertaining to all the above tools and
should be referred tc as deemed necessary.

a. Exploratory Test sSpecimen Tooling

In fabrication of test specimens for the exploratery test phase of
this program three types of tools were designed and made:

(1) Cylindrical Test Specimen Tool
(2) Conicel Test Specimen Tool
(3) Bolting Ring and Pan Lay-up Tools

Both the e¢ylindrical and the conical test specimen tools were in-
ternally pressurized female tools, employlng vacuum-bag technlque
and autoclave pressure curing. The bolting ring and pan lay-up
tools were lathe turned wooden tools.

(1) Cylindrical Test Specimen Tool

The cylindrical test specimen tool consisted of two aluminum cylin-
drical half shells with 22-inch diameter and 36-inch length. The
cylindrical half shells were stiffened by two semicircular angle
stiffeners one at each end., These shells were attached to each
other by means of quick release bolts through additional flanges

on both sides of the longltudinal edges.

The coollng process for the zone curing was accomplished by means
of a water cooled chamber on the outside of one of the shells and
water ccoled colls on the inside of the test speclmen. To maln-
tain the same uniformity of heat dlssipation on the inside of the
test specimen as on the outside of the tool, & metallic cooling
Jacket or caul sheet was placed between the cooling colls and the
cylindrical test specimer.. The cooling colls and caul sheet can
be seen partially in Figure 31 and full details are shown in
Flgure 25.

(2) Conical Test Specimen Tool

For the fabrication of the conical test speclimen two conical tools
were constructed. Both tools were similar 1in design, but different
in materials of constructicn.
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The first conlcal tool was manufactured from "Aluminum powder
f1lled epoxy resin" cormposite. However, after the manufacture

and cure of the conical test specimen., halting ring ond pan, the
conical test spescimen was crushed 1in the cooling cycle due to

the difference in the coefficients of thermal expansion of the

two matertials, Subseguently, ancther conical tool was manufactured
from impregnated tank material, which eliminated the thermal ex~
pansion problem as shown in Figure 28.

Since the B-staging, zone curing and final curlng cycles 1in cylin-
drical and conical test speclmens and tools were similar, an
attempt to evaluate the cooling cof collapsible portion in the zone
curing process of the conlcal tonl were made. Hence, instead of
cooling the specimen both from outside and inside (as in the case
of the cylindrical test gpecimen) only inside cooling coils were
used. Also, for heat dissipatlon into the coolling colls aluminum
foll, instead of caul sheet, was wrapped around the colls and
shaped to fit the conical specimen, as shown in Figures 41 and U3,
From the results obtained by this method and described in the pre-~
ceding subsections, 1t was learned that cooling both sides of the
test specimen 1s excessive and unnecessary. A minimal coocling on
elther slide gives satisfactory results. This finding 1s incorporated
in the design of the final female curing tocol.

(3) Bolting Ring and Fan

Two pileces of lathe-turned wooden tools were prepared for use as
male mandrels for the lay-up and fabrication of the bolting ring
and pan, respectively. The shape and dimensions of these mandrels
were in accordance with the drawing in Flgure 28. The tools are
shown in Plgure 67 and 74, Only one set of these tools was made
for thls exploratory test phase, l.e. the tools requlred for the
fabrication of aft end bolting ring and pan. The forward end
bolting ring and pan tools, being simlilar to the above except for
size, are manufactured only for the full scale tank fabrication.

b. Final Full Scale Tank Tooling

The tocling design for the production of the full scale tank has
evolved arouad two main concepts: 1) a removable male mandrel for
the lay-up of the tank and 2) a pressurized female tool for the
final curing and rigidization. To materialize these ldeas a
conceptual tooling breakdown with step~by-step operations and a
parts flow dlagram, as shown in Filgures 65 and 74, respectively,
were generated. To summarize, a slllcone bladder bag was developed
to conform to the internal dimensicns of the tank. The bag was
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inserted into a male mandrel forming tool, a tower, and filled
with ceramic granules, under vibration and low pressure, Immedi-
ately after vhe fllling operation, the bag and granules now con-
stituting the male mandrel, were removed from the tower under
vacuum. After the lay-up of the tank material, both the mandrel
and the raw tank were placed inside of a final female curing tool.
B-staging, zone-cnuring and eventual rigidizaticn of the tank were
accompllshed under specified pressures and temperatures,

To accompililsh Lhe operations above and fabricate the main body of
the tank, f'ive major tools were requlired:

Two Plaster Male Mandrels
Silicone Bladder Bag

Male Mandrel Forming Tower
Male Mandrel For Tank Lay-up
Final Female Curing Tool

.~~~
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Smaller perlpheral tools were also needed to produce detail parts,
such as saddle-door, bulkheads, efc., some of which were the by-
products of the above mentloned major tools.

(1) Two Plaster Male Mandrels

Two full length, round, plaster male mandrels were constructed

to conform to the dimensional levels of control. The first plaster
male mandrel was controlled to the interior dimensions or mold lines
of the tank minus certain thl-knesses. The second mandrel was con=-
trolled to the exterlor mold lines of the final tank. Both mandrels
were similar in construction, in that a wire mesh roll was fastened
to steel supporting rings which, in turn, were welded to a square
steel pipe shaft as the central supporting structure. Both ends

of the steel shaft were supported by trunnlon bearings, and the
entire substructure was turned by a chaln driven electrical motor.

The supporting structure was splined with a subcoat and several
finlsh coats of plaster as 1t was turned. A full length aluminum
template was used to establish the mandrel mold lines. Both ends
of each mandrel were fitted with turned wooden fittlngs to allow
for bolting ring and pan connection steppings. The center saddle
door depression was splined with plaster tc obtaln the proper
surface for each mandrel. 'I'ne plaster male mandrel, which was
controlled to the inside dimensicns of the tank, also had allcw-
ances for tank material thicknesses, bladder bag thickness, and
the vacuum compaction of both tank material and male mandrel
granules. ‘'I'nls mandrel was needed to construct the Male Tcol
Forming Tower described on the fullowlng page. The design and de-
tails for both of the above mandrels are shown 1n Flgures 66 and
T4, respectrively.

7
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Since 90% of the tools for thils program, including the bladder
bag, were generated from the initial male plaster mandrel, 1t

was necessary to establish more accurate master lines. The baslic
dimensions of the tank, radlus, and slope for every flve inches

of tank obtalned from Equation 1 were used as input to a conie
generator program using Interpolatlon technigques. to obtain the
data for every inch oI tne tank station. The program was specifi-
cally developed for Recomp II electronlc digital computer, and

the results are shown in Table XX,

{2) Silicone Bladder Bag

The Jlnvolved process of using the bladder bag as the molder of the
male mandrel prilor to tank lay-up and its use as a pressure appli-
catlon device during the different phases of curing after the com=-
pletion of the lay=-up, necessitated certaln developmental work to
assure the success of all the above mentloned operations.

Due to the fact that the male mandrel was constantly under vacuum
during the lay-up, 1t was mandatory for the material from which
the bladder bag would be manufactured and the bag seams, etc., to
be devold of any pores, After several unsuccessful tries with
overlapped vacuum bagging materlals, bonded Jolnts and other
methods, it was declded to mold the bladder bag. Several combina-

tions of RIV silicone moldling compound were used and the best re-
sults were obtained from the followlng:

93-072 RTV Silicone Molding Compound 72.7%
93=-076-2 RIV Silicone Molding Compound 18,2%
92-~072 Hardener (catalyst) 9.1%

The above mixture was splined over the plaster male mandrel (con-
trolled to the inside dimension of the tank) minus 1/8 of an inch
for the bladder bag thickness., With the ald of a metal template
and the turning mandrel, the raw bladder bag was formed. Both ends
of the bag were reinforced by lmbeddlng glass cloth 1in the molding
compound., The entlre assembly was put 1lnto an oven, and the turn-

ing of the mandrel continued throughout the duration of bag curing,
l.e., 170°F for three hours.

(3) Male Mandrel Forming Tower

The Male Mandrel Forming Tower shown 1n Pigures 67 and 76 was
constructed using room temperature cured Furane-2V resin and cuopped
fiber spray-up system. The mandrel described in the above paragraph
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was ceated with Resclin 111 Surface Coat and used as a basis for
the spray-up construction of the tower. Steel relnforcement was
used on the outer stiffeners to stahilize tha tower on tho vibrat-
ing platform.

rl“he ad 14 rnAna b"l ~AA
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¢r tag was mounted vir a sleel center post inserted
inslde the tower tool and inflated with 5 psl pressure to adhere to
the 1inslde surface. The tool was used in a vertical position on top
of a vibrating platform to allow the "SCR-Veri-Lite" ceramic granules
to be introducecd and compacted In the bladder bag. For easy removal
of the piaster male mandrel and the tank lay-up male mandrel, the
tower tool was constructed from twc longitudiral half-shells. A

make-shift sealed hopper was used to contain the granules prior to
filling the bladder bag.

{(4) Male Mandrel for Tank Lay~Up

After the sllicone bladder bag was systematically filled and compacted
with the "Veri-Lite" granules, the 5 psl pressure was removed and
vacuum was appllied to the center post and bag assembly. The air

wag drawn from small orifices in the central shaft thus forming a

free body solld male mandrel to be used for the tank lay-up.

This male mandrel was positioned horilzontally on a supporting dolly
fabricated specifically for thls purpose to facllitate the lay-up
of the tank material clrcumferential gores. An indexing plate was
used on the trunnicn shaft to establish the tank centerline, The
silicone bag male mandrel is shown in Filgure T77.

The detalls of the different operatlons requlred for assembling the
bladder bag over the central shaft, bag and shaft linsertion into
mandrel forming tower, filllng of the bag with granules, reversing
the pressure from positive 5 psi to vacuum, and finally removing
the male mandrel from the tower and positioning it for lay-up are
compiled as "Sequence of Operations for the Mandrel Forming Tower"
and are included as Appendix VI,

(5) Final Female Curing Tool

The final female curing tool was, by far, the most complex tool fabri-
cated for this project. The complexity of thls tool stemmed from

the fact that, In additlion to final curing and rigidization of the
main body of the tank, 1t also was used for the B-staging of the

collapsible portion of the tank and zone curing of the hardback land
area,
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The flnal female curing tool was constructed in two half-shells from

hlgh temperature glass fabrilc laminated structure., The plaster male oo
mandrel representing the exterlor mold 1ines of the tonk was used [or

thie lay=-up oI the above materlal to a thickness of 1/2-inch. In the

top half-shell allcwances were made for the saddle-door and hardback
land area.

Seven bulkheads, fabricated from the same materlal, were used to

stiffen each half-shell. These bulkheads 1n turn were attached to

rectangular frames on rollers. The frames were constructed from six

inch steel square tubing and provisions were made wilth welded angles Sy
to tle both halves of the final female curing tool wlth steel

bolted rods pacssing through these anglea. The top half of this tool

with saddle-door impression 1s shown in Figure 78, and the bottom

half in Flgure 79. The design drawing and pertinent detalls are
shown in Figure 68

This complicated tool was designed with the dual concept of 1ts ;
use inside and outside of the oven and/or autoclave. The zone :
curing or partlal curing of the hardback land area which was per-

formed outside of the oven, was accompllished by means of electril~

cal elements imbedded in both half shells of the tool. The loca-

tion of these electrical elements were predetermined and water

coollng colls were placed Iimmediately adjacent to them to prevent

the heat transfer beyond the hardback land area. The water cool-

ing colls were manufactured from square copper tublng to create

more contact area with the tool, thus attalning better control of . f
heat dilssipation. i

The B=staglng and the final cure were performed inside an autoclave. f
For this reason, the entire tool was equipped with thirty thermo- o
couples, positloned in varilous portilons of the tank and tool for '

monitoring the several different stages of heating involved 1n all
the above operations.

The numerous steps required for the proper operation and function-
i ing of the final female curing tool, through the stages of zone

curing, B-staging and final rigldization are discussed in the
"Sequence of Operation for Filnal Cure" which 1s included as
Appendix VII.

C. Peripheral Component Tools

body of the tank, several smaller tools were requlred to fabricate

the attached components. These perlpheral component tools or minor

L In addition tc the above major tools used to manufacture the main
¥

)

' dies are:

(1) Saddle-Door Hardback Lay-Up Die
» (2) Hardback Land Area Lay-Up Dle
. (3) Bulkhead Clip Lay-Up Dile



(4) Bulkhead Bonding Jig
(5) Bulkhead Installatlon Tool
(4) Boltang Ring and Pan Tools

All of the above dies were simple touls and each one served only
one function. Rather than categorizing a separate description
for each one, a generallzed description follows.

The saddle-door hardback lay-up die was used to fahricate the re-
movable hardback and was constructed from the same materlal and
thickness as the final female curling tool. Its baslc conflguration
is consldered a male tool controlling the stepped-slde or inside
mold lines of the removable hardback. Thils tool was molded from

a female plaster splash taken from the internal male plaster mahdrel
of Figure 66. To the above male tool a spanner frame of exposy resin
and glass fabrlc was attached in tube form, by beonding. A female
caul plate, approximately 1/16-inch thick was used to smooth the
external mold line of the door in the process of curing. This

tool 1s shown in Figure 81.

The hardback land area lay-up die was used to manufacture the pre-
cured ring recelving the saddle-dcor. The constructlon of this tool
was very similar to the saddle-door tool in materilal and dimenslons,
with allowances made for seven plies of tank material on the 1nside
surface. The original spanner frame was aluminum. Due to the dif-
ferences between the thermal expansions of aluminum and epoxy resin
glass fabric laminate, the spanner frame was refabricated from the
latter material and attached to the male tool by bonding.

The bulkhead clip lay-up die, the bulkhead bonding Jib, and the
bulkhead installation tocls were machined from alumlnum. Their
dimenslioning was based on the same models used in the production

of the major tools. This method of dimehslonling was used to achileve
perfect fit between the bulkhead components and the main body of

the tark. Figures 71, 72 and 73 show the detalls and the drawing

of the above components.

Two sets of bolting ring and pan tools were fabricated from lathe
turned wood. ‘'hese tools, having the configuration of male mandrels,
were used to produce components for the attachment of nose ccone

and tall cone of the tank. Both sets of tools were similar In

shape and concept, and were different only 1n dlmensions. All the
above lathe turned wooden tools were made to match the dimenslons

of the detailed drawing on Filgure 5%5. The wooden toocls for the aft
bolting ring and pan are shown in Figure 80.
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G. FABRICATION

1. Discussicn

The labrication phase of this contract began with the finallzation
of full scale tank design and snalysls, the completion of all tooling,
and the subsequent approval of all the concepts and conslderations
by the Alr Force and Monsanto Research Corporation representatives,

The manufacture of the tank test specimens and other peripheral test
components with the results of thelr tests are dilscussed 1n the
Exploratory Test Phase - Subsection D. In this subsectlion, only

the fabrication of two complete prctotype tanks with all their
components wlll be described,

This program required the fabrication of two expandable and rigldiz-
able prototype tanks with the following difference: one tank would
go through all the different cycles of curing and be completely
rigldized, cured and assembled, but the second tank would be zone
cured, B-staged, and collapsed only.

Both tanks would have finished components such as saddle-door hard-
backs, bulkheads, bolting rings and pans. The saddle-~door hardbacks
would be assembled to both tanks prior to shipping. However, the
bulkhead, bolting ring and pans would be assembled only to the final
cured tank. The parts flow dlagram in Figure 91 fully describes the
various phases cf manufacture of the two tanks and indicates the
chronology and the state of deliverable items.

The tank materlal was preimpregnated by Monsanto Research Corporation
and the pertinent Material Specification and Process Specifications
were supplled to North Amerlcan Rockwell Corproatlion and are lncluded
in thils report as Appendices III and IV, respectively. These specl-
fications were the bare minimum requirements for processing, and as
the tank deslgn and toolling developed, a new, all inclusive manu-
facturing process specifilcation alsc was prepared. Thils process
specification 1ls 1included in this report as Appendix V.

2. Manufacture of Components

a. Saddle-Door Hardback

The first of a total of three saddle-door hardbacks was fabricated
using tank material in accordance with the detalls and dimenslon of
the drawing in Figure 50. Vacuum bag compaction was applied after
each four ply lay-up, starting with the bottom skin and building




up the thicknesses as required. The lay-up, use of adheslves, bonding
of flexicure and the final cure were perfeormed in accordance with the
above mentiorned process specifications. Figure 85 shows the hardback
tool partlally laid-up with the bottom skin,

It was observed that the final cured part had excessive delaminations
and the solid core areas had developed marked corrugations around

the edges. Due to these undesirable features and the fact that the
cholce of materlal for the fabrication of the hardback was optional,
it was decided to change the materlal to 181 L-glass, Epoxy Resin
system,

Two additional saddle-door hardbacks were fabricated (one for each
prototype tank) from epoxy-resin impregnated 181l LR-glass fabric.

The results were satisfactory and these hardbacks were used on the
final tanks as shown in Figures 90 and 98. A metal template was

used to orient the bolt locations. The bolt holes were drilled through
the saddle-door hardback and the hardback land area simultaneously.

b. Main Body of the Tank

In the design of the full scale tank (subsectlion D above) the tank
material gores were developed Into flat patterns ag shown in Figure 61U,
Since the maximum helght of the frustum was limited to 15 inches,
1t was necessary to establlsh overlap locatlons and scatter them
uniformlly in order to avoild unwarranted bulld-up of thicknesses 1n
the tank shell. Thls scattering of overlap locations was performed
both 1n the longitudinal and transverse dlrections of the tank. 1In
the drawing on Figure 92, all the gore part numbers wlth their
respective overlap statlons are called out., A sheet metal template
was fabrlcated to conform with the stations shown in the above
mentloned drawing and used for orienting the gores in the process
of lay-up.

The full size drawings of Figure 64 were used to prepare metal tem-
plates which in turn were used to precut two sets of the tank mate-
rial for the lay-up of the rwo tanks.

(L) Fabrication of Tank Body 1

Prior to lay-up of frhe tank the solld core of the hardback land area
was lald-up on a separate tool as shown in Filgure 52. This part was
precured betore assembly, tnen imbedded in the lay-up of the tank.
This was accomplished hy allowing one halfl of the total number of
plies to go under and the orher hal!fl to go over the precured part,

The tank gores were laid-up on the horizontal male mandrel while it
was under vacuum, and the wet laminate was compacted by vacuum bagging
after each four piy lay-up. Some difficulty was encountered in the

s
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Moent e P rtal vt ftoelf oard to tne siitcene bag of
tiie male manpdre., in the process of iay-up. In these cases, the
gores vere held in place temporarilv by meanas of adhesive tomez,
Also, Jue te thermal expanslon, there was a marked dimensional mis~
match between the precured solld core of the hardback land area and
the allowed denrescsion cf the male mandrel {for this component. The
final stage of the compaction by vacuum bagging and some of the
adhesive tapes are shown in Figure 83.

Both halves of the final female curing tool were treated with the
parting agent (recommended by Monsanto Research Corporation) prior
to placing the wet lay-up in them. The Tank No, 1 lay-up assembly
together with the male mandrel, while the latter was still under
vacuum, were placed into the half-shell of the final female curing
tool as shown in Pigure 84, and then covered with the other half,

The zone curing and B-staging of thils tank was accomplished 1n
accordance with the Process Speciflcations and Sequence of Operatlons
set forth in Appendices V and VI, respectively. A great deal of
difficulty was encountered in releasing the B~-staged tank from the
female tool. A new parting agent was then developed and tested as
discussed in Exploratory Test Phase - Subsection D, (pages 21 and 22).
Figure 86 shows this zone cured and B-staged tank, after the removal
of the male mandrel and bladder bag from its inside,

The collapsing of this tank was accompllished as follows. Filrst, a
central fold was introduced from the bottom of the tank toward the
saddle-door area, as shown in Figure 87. Then the forward and the
aft ends were folded into the central portion of the tank thus com-
pleting the collapsing phase of the tank. The top and bottom views
of the collapsed tank are shown in Figures 85 and 88, respectively,

and the completed collapsed tank with assembled h&rdﬁéck’appearsAin
Figure 90, . . . rTEeE T

(2)  Fabrication of Tank 2

Experience gained in the manufacture of thq_firstrtank,wéé,épbiied_A',
~to the fabrication of the second tank, where applicable, At the

outset, the Interlior of the two half=shells of the male mandrel
forming tower, were bullt-up to a thilckness of 0.020 in. with two
layers of 181 E-glass fabric. The purpose of this reduction (0.040
in., in the diameter) of the male mandrel and, consequently, the tank

shell was for easy removal of the part from the flnal female curing
tool.

Secondly, the solid core of the saddle~door land area was not precured
for this tank, as it was done for Tank 1. Instead 1t was laid-up,
vacuum bag compacted and B-staged only. This B-staged solid core was
imbedded in the shell skin during the tank lay-up process.
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A1l rhe steps . -ie falr:ca"*: o Tanw 2, up to the cciiapsing
polint, were simiiar - <rnat of Tank 1, except as noted abcve. The
use of the newly developed parting agent areatly facilitated the

b-staged part removal from the final female curing tool.

by introducing a Small amount of pressure 1n the bladder bag. The
B-staged, expanded tank snhell and bladder bag were placed 1Inslde the
final female curing tool for the second time. Both halves of this
tool were treated again wlth the new parting agent prior to placing
the tank in them.

After the collapsing operaticon the Tank was unfslded and eapanded

The entire assembly was put into an gutoclave, and after connecting
the thermocouples and water condults the tank was cured 1in accordance
with Process Specifications in Appendix V.

c. Bulkheads and Slosh Baffles

In addition to shell stiffeners, the bulkheads also served as antl-
slosh devices, to prevent the unwarranted center-of-gravity shifting
from fuel sloshing. The bulkheads were sandwilich panels fabricated
from epoxy resin impregnated 181 E-glass fabric and aluminum core.
For the manufacture of each set of two bulkheads, one large inteiral
panel, approximately 3 ft x 6 £t was laid-up and cured. The exact
shape of the bulkheads then routed on this panel to conform to the
dimension of -the drawing in Figure 51. The slosh baffles consist of
two unimpregnated and uncured layers of 181 E-glass fabric imbedded
in the edges i~ four precured circular laminates. This assembly

was bolt connected to the stiffening bulkhead. Two circular holes
were precut in the bottom part of the bulkhead to minimize the effect
of the hydrostatic fuel head build-up on either side of the slosh
baffle.  One of the four cured bulkheads, wlth slosh baffle and
attachment clips 1s shown in Figure 95

d. End Attachments

Two sets of two bolting rings and pans were manufactured. in this
program, one-set for each tank. Since the choide of material for
these components was optional also, based on the experience galned
in the manufacture of test bolting ring and pan specimens from the
tank material, it was dezided to fabricate these components from
epoxy resin impregnated 181 E-glass fabric

To conform with the shell thicknesses obtained rom the stress analysis,

the aft bolting ring and pan were manufactured from nine plies of
fabric., First, the bol-ing ring was laid-up on the male mandrel shown
in Figure 80. The nut plares were attached after the above ring was
cured. Then, the pan was laild-up, cured, and bonded to bolting ring.
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“he duptleatlor of thickness at the bond'ng interface was intentional
in order to achieve additicnal stiffeners at either enu of the tank.
The fabricaricon >f the forward bolting ring and nan wae ardenticnl te
that ol arr end except s1X plies were used, again to be compatible

with the previous.y obrained shell thicknesses The outside and inslide
views of aone set of bolting ring and pan aie shown In Figure 93 and

94, respectively

€. Miscellaneous Components

Since the suspension lug bushings, air pressure fitting, and water
drain fitting could nat be furnished either by Monsanto Research
Corporation or by the Air Force as inltiaily required, it was necessary
to fabricate these components to better simulate the metal tank. The
alr pressure and water drain filllings were machined from 7075-T651
aluminum bar stock, and the suspension lug bushings were machined

from 7075-T6 bare aluminum alloy plate stock. These parts are shown

in Figures 54, 56, and 53, respectively. One set of each component

was fabricated for each tank.

3. Repairs

After the complete rigidization of the tank main body and its removal
from the final female curing tool, several defective areas were observed
which needed rupairs. These repairs were of four distinct categories
and, in all four cases, room temperature cured Bond Master M61ll resin
system with DTA catalyst was used. The room temperature cure was
necessary due to unavoidable softening and deformation of precured

part in reheating cycle. These four repair areas are:

a. ‘Internal Blisters

On the inside of the final cured tank there were three spots where
internal blisters had caused delamination of one or possibly two
plies of tank materlal. Thc cause of these blisters is.attributed
to the fact that atmospheric molsture may have condensed in certain
areas of the tank material just removed from the cooler. Thess
three spots were approximately 3, 4, and 6 inches in diameter,

The above blisters were "peel-plied" and sanded in a step-wise manner
to allow one inch overlap for each ply of uncured materlial for repair.

Epoxy resin was injected in those areas prior tc lamination and cured
at room temperature.
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b. coliapsing Fold Wrinkles

On both sides of the saddle-door hardbuck land area, at about sta-
tions 50 and 121 of the tank, wrinkles we»e created due to incomplete
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expansion process. These wrinkles were U=-shaped 1in cross section and
were rigidized in the process of final cure. The U=ghape internal
protrusions were ground off and the laminates on both sldes of the
remaining hole were "peel-plied" in a step-wlse manner, sanded and
layers of repair cloth lald-up as reguired by previously established
shell thicknesses. The above repalr areas are shown as shaded lines
on Figures 97 and 98,

[P Mold=Line Dimples

On both sides of the tank main body where the two half-shells of the
final female curing tool meet, there were two longltudlinzl dimples
1/4 inch wlde throughout the length of the tank. These dimples were
the direct result of excessive deflection 1in the flange of the female
tool caused by pressure bulld-up and thermal expanslon due to heat.

The repair of these dimples was slimilar to the repalrs of collapsing
fold wrinkle above, 1.e., the external protruslons were ground off,
the laminate was '"peelw-plled", sanded and repair cloth laid-up as
required.

d.. Saddle=Door Land Area Covrugations

The longltudinal portions of the saddle-door land area, i.e., the
sldes parallel to the main axls of the tank precured by zone curing,
developed two o¢ne inch wide corrugations, This corrugation 1s
belleved to be the result of softening of epoxy base materials in
the process of reheating.

‘The curvature“of,the corrugations being slight, they were smoothened
by sanding and filling in gaps with M 611 ~ Bohd Master where
necessary. Additional repalr cloth was laid—up on top and cured

: under vacuum bagged pressure

Y, Final Assembly

After performing all the above repairs on the main body of the tank,
the tank shell and all the other components were ready for final
assembly. All the parts were dry fitted first to assure perfect
fit. A limited amount of sanding was necessary.
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‘he groove {or the CO-ring seal of the saddle-door was rocuted in the
hardback land area next. Nut plates were riveted to the inside of
the hardback land area and the saddle-door was positioned and bolted
into place. The bulkhead and slosh baffle assemblits were positioned
and haondad %5 the tank with precured clip angles and adhesive as

specified in Process Specification, Appendlx V. The inside view of

the vank with bulkhead and slogh baffle Lorded in place 1s shown in
FPlgure 96,

The nose cone and tall cone bolting ring and pan assemblles were
bonded to the maln body of the tank in accordance with the above

mentioned Process Specificatlion. This assembly can be seen in
Figure 97.

The cavitles or deprescions remaining around the saddle-door and end
attachments after assembly were filled with aerodynamic filler for

smoothness. The final rigldized tank wlth complete assembly 1s
shown in Figure 98.




The obJective of thls study has been to conduct exploratory develop=-
ment of an expandable rigidizable external alrcraft fuel tank design
in order to determine the feasibllity of such a concept.

With the successful production of the test specimens, the test
tools, the full scale fabrication tooling, and the two prototype
Lanks and their results, 1t 1s concluded that although all of the
above mentioned tasks were to some degree exploratory, the con-
structlon of collapsible, expandable and rigidizable tanks and/or
structures 1s in the realm of possibility. This feasibllity con-
clusion is based on (1) the demonstration of a concept by its physi-
cal production; and, (2) the pro and con experiences galned in

regards to the factors affecting the successful materlallization of
such a concept.

Although the above concluslon ls signiflcant the results clearly
indlcate the necessity of a more fundamental approach to the
congslderations glven to the design, the analysis, the tooling,
and the fabricatlion of thls type of structure in the actual pro=-
duction, The following recommendatlions are made in a systematic

fashion followlng the order of the headings appearing in the out-
line of this report.

1) Improvements and optimlzatlons can be made in the design
concepts to Increase the nesting ratlc and enhance the ease of
collapsibility, For example, the saddle-door hardback.subtend-.
ing angle 6, can be reduced from the: present 180° to a much
smaller angle, thus attaining a higher nesting ratio., The extent
to which thls angle can be reduced is dependent on the buckling

mode shapes of the tank shell and the results of stress analysls
optimization.

" The beveling of both ends of the saddle-door hardback and

. .consequently the-hardback receiving land area can be eliminated

. to incregse nestability. - This modification not-only rediuces the
length of the hardback but also places the saddle-dcor 1in the

cylindrical portion of the tank. Because of-single curvature-

of the tank in ‘this area, both tooling and fabrication tasks

“becotie simplified and economical.

Both reduced subtending angle and the rectangular ends of
the saddle-door hardback, tend to facllitate the zone curing
process, due to the fact thatonly one half shell of the final
female curing tool need be imbedded with electrical elements.
The above design concept improvement, ln general, reduces the
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compiexity of :ncluding the saddle-deor impression in bath
haives of the male mandrel forming tower, filnal female curing
tocl and minimize: the physical difficulties encountered in
the lay=-up process,

2) In tre design of the full scale tank, 1t 1s possible to

reduce the tank weight c¢cncidsrably ¢rr Lo eliminate the bulk-

heads altogether by means of improving the materlal properties.

One way of accomplishing either of the above mentloned object-

ives is to investigate the possiblility of using the present

resin system in the filament winding technigque, which increases

the Yocung's Modulus of Elasticlity consliderably. This recommenda-
tion 1s based on the comparisons of data of zeveral other epoxy

base glass fabriecs, and i1v 1s anticipated that the material used tfor
this study wili exhiblt a similar improvement.

It :s considered that, in addition to improved material prop-~
erties and mcre advanced stress analysis techniques, a reliability
study would also be in order. A higher confidence can be placed
in a structure by a factor-of-safety method as 1s the case in the
present study. In an individual component analysis a2 large posi-
tive factor andsor margin of safety 1s commendable, but, no matter
what magnitude the factor cf safety has, the actual reliability
of the structure is nevar known. In contrast, the reliability
design approach conslders the statistical nature of the design
facters and, in this way, requires not only a known rellability

but‘also'the ‘confidence level assoclated with the statistical data
utilized.

3) In vhe initlal studies of a feasibllity type program, some-
times, 1t is considered that ”soft" or . nonproductiovn tooling is-
more -expeditious and economical. However, in the final analysis,
the dlaadvantages associated with temporary and non-production.

" type tooling, such as 'toeol malfunctioning, repalrs and fabrica-
‘tion of sub-standard production parts offset time and money saved
if any

~1f the granules used for the formation of 1'he male mandrel

Nére blewn inbto the bladder bag rather than being precipitated by

gravity a great deal of time can be saved in the production
process. The central manifold of the mandrel, used for evacuvat-
ing the air from the granules, could be redesigned to allow fsaster
fi1lling and purging of mcdules after tank lay-up and compaction.

To minzmize longitudinal deflecrions the side flanges of the
final female curing tool half-shells should be increase 1n thick-
ness and the distance between the attached boits and interior
edge of the flange should be reduced. It is also possible to pre-
vent excessive deflections by intermittently strapping the two half-
shells of the tcel together These methods will eliminate the ex-
tenslve, uneconcmical, manual repairs of the produced parts.
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The bladder bag used for the application of positlve pressure
should be either molded from a stronger material or be reinforced
throughout 1ts length to alleviate the damages brought about by 1ts
extensive use. Since the bladder bapg 1s the focal point of several
functions and 1s instrumental in the production of the major tools.
1ts thicknesses at various stations of the tank should be more
rigldly controlled.

4) In the manufacturing phase a great deal of time and labor
wlill be saved 1f the number of gores are kept to a minimum.
This obJective can be achleved by a process of optimization and
the automation in the layout of the gores and templates. It is
also possible to accomplish the same result by changing the
direction of the gores from transverse to longitucinal and pre-
weave the cloth to conform with the tank mold lines.

Finally, instead of simulating the present metal tank, the
entire tank, including internal plumbing and other external
components and appurtenances can be redesigned to comply with
the concept of collapsibility, expandibility, and rigidization.
The plumbing should be redesigned to conform with the concept
of the collapsibility of the tank.
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Figure 1. Female Mold on Plaster Model
for AF Demonstration
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Filgure 2. Molded Hardback (SN-1) Molded
Thermoelastic Part (SN-2) for
AF Demonstration




Flgure 3.

Assembled Hardback and Thermo-
elastic Nose Section for AF
Demonstration




Figure 4. SN-1 and 2 Parts after Attempt Was
Made to Fold the Thermcelastic Nose
Section at Approximately 250°F for
AF Demenstration
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Filgure 5.

SN-1 and 3 Parts after Attempt Was
Made to Fold the Second Thermo=-
elastic Nose Section at Approxi-
mately 259°F for AF Demonstration
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Figure 6.

SN-1 and 8 Folded at Room
ture for AF D=2monstraticn
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Figure 7. SN-1 and 4 Deplcyed after Belng
Folded for AF Demonstratlon
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Flgure 10. Spot Curing Using a Press
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Figure 11,

Spot Curing Using Infrared Light
and Vacuum Bag Prccess
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Figure 12.

Spot Cured Specimens Uslng Press
Molding Process
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Figure 13. Spot Cured Specimens Using In-
frared-Vacuum Bagging Process
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Figufe 14,

Zone Cured Honeycomb Panels
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Figure 15.

Folded Uncured Section of
Zone Cured Honeycomb Panel
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Flgure 16,

Front (Top) and Back Views of
Molded Honeycomb Panel after
Folding
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DRSION CONCEPTS AND CONPIQURATION
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Figure 22 - Compaction Teat Equipment and Set-up

Hose to
Vacuum
sian T
\‘. h ”4
"SCR Veri-Lite" |~ =y~ — =TI l ,ll ~
Granules - "__,_." -
. | ; i ; l §n §
iy
IR \?[ ’ S ©
ffy 2 in, ‘=° 2
ll {[DIamerer | SE=
+y| - 1 ]
Vacuum —_ L NE
Bag ’,“f N ~+ 1) -
dy
Seal by

Figure 23 - "SCR Veri-Lite" Granule Compaction Test Set-Up
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Figure 24

Electric Blanket Heat Application
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Figure 30

Figure 31

Precured Partial Hardback of "gaddle-type" Concept c.(2)

. ,
- L

Collapsed Cylindrical Test Specimen, ¢.(2)

O
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Figure 32 Further Collapsing of B-staged Portion, ¢.(2) {

Figure 33 Rigidized Cylindrical Test Specimen of
"saddle-type" Concept, c,.(2)
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Figuvre 37 Tool for Cylindrical Test Specimens

Figure 38 Vacuum-bagged Cylindrical Test Specilmen, c.(1)
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Figure 39 Collapsed Cylindrical Test Specimen, c.(1)

Flgure 40 Rigidized Cylindrical Test Specimwen, c¢,(1)

100




(2) "o uswmioeds 389y
1eoiu0H padn)y Tvljseg

2y oandig

suamioads 3fay TeOIUO) J0F TOOL

in aand1 g

1

10

PP

.



Figure U3

Figure 44

Collapsed Conical Test Specimen c.(3)

Expanded Conical Test Specimen c.(3)
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Figure 45 Rigidlized Conical Test Speclumen c.(3)
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' Figure 46 Vacuum Burst Test Set-up
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Figure 47 Inslde View of Bolting Ring and Cap

Figure 45 Outslde View of Bolting Ring and Cap
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Flgure 76

Male Mandrel Forming Tower
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Figure 78

Top Half of Final
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Female Curing Tool




Figure 79 Bottom Half of Final Female Curing Tool

Figure 80 Bolting Ring and Pan Turned Tools
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Figure 83 Final Vacuum Bagging For Compaction

Figure 84 Wet Lay-up Tank in Female Tool
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Figure 85

Figure 86

Hardback Tool and Bottom Skin Lay-up

B-3taged and Zone Cured Tank
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Filgure 87

Figure 88
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Tank Folded Centrally

Bottom View of Folded Tank
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Figure 89

Figure 90

Partial Collapsed Tank

Complete Collapsed Tank
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Figure 93

Figure 94

Outside View of Bolting Ring and Pan

Inside View of Bolting Ring and Pan
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Figure 95 Cured Bulkhead, Slosh Baffle and Clips

Figure 96

Installeda Bulkhead and Slosh Baffle
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Flgure 97 Rigidlzed Tank

Flgure 98 Rigidized Tank, Complete
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EPON B28
DICY

BUTVAR¢RS31
EPLy 828
D oY

UTVAR4RS3
EPSN 528

DIicy

TABLE

Page 1 of
WING TANI AGEING T

.ate Specimen
Parte __Pabricated

160 6-21-67
30G 62367
100 630267
160 6-30-67
100 71467
190 T-1k=67

160 7-2u67
250
100 7-2u-67
ic
100 7-25-67
P13
7.5
160 o T-25e6T
250
it
10¢ 89-67
“i2
100 7-20-67
250
io
100 ‘ 7-20.67
250

160 8-28-67
158
142
1.38

100 9=1.67
300
100 9-i-67

100 9187

344 9-i-67

166

[

o}
ST 165°F
Test
Start  End
B-lmefr 18 287
8-15-67 Ja2.67
8-15-67 10-2-67
8-15-67 10-2-57
8-15=67 1iwi=67
8-15-67 l1-1-67
§.15-67 1.2_g§
8-15-67 ya_i gy
8-16-67 ‘lo-dety
8-i5-67 H-9-68
Bu15-67 G-9-68
3-15-67 Sugubl
8-15-87 10-2-67
3-é8-67 1-2-68
Gule67  11-1-67
9=1a67 llel-67
9-1-67 i1-1-67
9el-67 ilele(?

<49 Days

49 Says

<49 Daya

<79 Lays

<79 Dayr

<136 bays

<112 Days

<112 Dayr

<269 Dayn.

<259 Daya

+269 Davs

k9 tays

<178 bays

<50 DLays

<60 lays

<60 Days

B0 Uayn

Remarks

Ast,¢, Lelaminated
A,B,C, Belaminated
A,B,C, Delaminates
¢ Delaminsted

C, D Lelamlnated

C, U Leluminutey

Co UL E, M, elamln,

C, 0, Bedanla teg
L3

0 Delaminated

@ Delaminated

6 Deluaminated

A,B,C, Delaminated

€D, K, F

C, © Lelarinated

Cy D Celamlnated

Cy U Peluminated

Cy U Belaminatey

e 0.

o A

R —mnlt




Pot
Tent Datea Specimen Tent Life
No. Material Perts Fabricated Start  End 1680p
138 BUTVARSES 3L 106 9-1-67 9167 11-31-67 <60 Cays
EPON 828 30¢
BFy 7.5
139 BUTVAR+RSIL 100 9-1-67 9-1+67 11-1-67 <5C Daye
EPON 828 390
BF3 5
e BUTVAR+RS31 109 9-1-67 91257 11-1e67 <60 Zays
EPON 828 300
BFy 2.5
141 BUTVAR#RS31 100 91167 9~11-67 1e2-66 <112 Days
EPON 828 300
BF)y 2
142 BUTVAR#RS31 100 9-11-67 9~11-67 1.2-68 <112 Days
EPON 828 30u
BFy 1.5
143 BUTVAR+RS31 100 9-11-67 $11-67 5-8-68  »242 baya
EPON 828 300
BF, 1
14k BUTVAR+RS]1 100 9-11-67 g-11.67 5-9-68 »2h2 Days
EPON 828 300
BP) .5
145 BUTVAR+RSI1 1c0 g-12-67 9«12.67 11-1-67 «i9 Days
EPON 828 300
prey 4
166 BUTVAR+RS531 100 §u12467 9-12-67 11-31-67 «k§ Days
EPON 828 300
piey 3.5
147 BUTV.R+RS31 160 9«12«67 9-12-67 12-L-67 <85 Days
EPON 828 300
IcY
148 BUTVAR+RS31 100 9-12-617 921267 1-2-68 <110 Days
EPON 828 300 .
p1eY 2,5 )
th9 BUTVAR+4RS11 100 9.12-67 9-12-67 12-U«b7? <R3 bays
EPON. 828 je0 -
pICY 2
i50 BUTVAR4RS31. 100 - 9-12-67 9u12-67  59-68 »241 Days
EPON 828 300 - .
pICY 1.5
151 BUTVAR+RS31 100 9-12-67 9+12-67 5-5-68 »241 Days
EPON 828 300 ’
brey 1
152 BUTVAR#RS31 100 9-12467 9-12-67  5-9-66 »>2i1 Days
EFON 828 300 :
pICY .5 .
MHC-¥5-001 11-2-67 12412467  5.3.58 »149 Days
A,B,C = Parts stiffensd during aging test
Aw 8.25-67 Placed PC. of test speciman in 300°F oven to oheck for softening
and placed ‘n 40J0F press at 30psi to check for flow. All checked C.K.
b 9e6=67 Rochecked Q = 5.9-68 Rechecked
Cc e 10-2-67 Rechecke:d
D« 11-1¢67 Rechecked
Hoe 12«hafi7 Bechegied
Fow 1=2=5R Hecheared

Table II ~ontinued
WINJ TANK
AOING TEST 165°F

NOTE: For each day a specimen is subjected to 165°F.

13 days allcwinve

3 hrs to go back to BS°F.

g days at 165°F = 21 months
79 deys at 165°F « 32U monthy
£5 dayo at 165°F s 2& mcnths

§3 days at 165°FP = 36 months

§5 days at 165°F = 36 months
110 days at 165°P = 47 months
112 days at 165°F = U4 monthe
128 Asve at 1AROF & &K mant).-
3139 days at 165°F » €0 ronths
183 days at 165°F s 79 months

at niew schedule
at new schedule
at new schedule
at new schedule
at new schedule
at nev sehadnla
at new schedule
At new schedule
at new schedule

at rnew scj:gyy'e

Tt {s ~qual to approximately
Irs at 125°F and
6L months at new schedule

16 ars. at 85°F, 3 hrs te go from 35°2 vo 125°F, 2

149 days at 165°F
241 davs at 165°F

256 davs at 165°%

-
-
242 days at 165°F e
-
-

269 days at

165°F

Jemarky

¢, L Uclaminated
C» L Ceiuminated
Cs D Lelaminated
D, ® Delarinates
P Ceiarminated

n Moldabin

7 Meidable

2 Delaningsed

U Delarfiated

D E, helnminutaol
F Delaminuted

b E, Delamianted
0 Moldatle

o Moldable

b} Méldable

0 Moldable

103 months at 58 achedulc

103 months at new achedinie
110 months at nev schedule
115 months at new achedule

LY TP A v

ol e e
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WING TAMY, AQU T e v Df gyt
vave
Test Spocimen Sheit
Ko Materiai _Parts Fabricated Start Epd Life Eerarka
i5 RLACAR 122 £-23-¢7 10=5=67 jeze=by stiii Nocd
RS-31 3
EFON 828 2¢0
BFy 6
if BLATAR o 6u23u67 10-5-67 1-22-69 fti1) Qscd
R5- 3] 3
EPON 828 300
8F) 9
kM BUTVAR 100 §-30.617 10-5=67 1-22-69 Stiil ‘ieod
EPOY 828 3c9
BF 39
3h BUTYAR 100 7-1ua-£7 10-5-67 1-22-65 5011 dood
ERL 2256 1c0
BFy 9
38 BUTYAR 00 F-linb7 10-5-67 1~22-61 Stiil Nood
ERL 22%6 3¢9
BICY 12
46 BUTVAR 3l 7-17-67 19=5-67 1-22-60 56103 tosd
R5-31 3
EBSYN 628 300
BF, 9
61 UUTVAR 1c0 71767 10-5-67 122469 HL11t fne6d
RG~-31 3
ERL 2256 250
Sicy 10
14 BLACAR 100 7azi-67 10~5-67 1-22-69 st1171 Jood
RS-31 3
EHL 2256 360
BFj 9 .
77 BLACAR 130 72067 1505567 1.2246Y4 Sti1ll Jeed
RS~31 3
ERL 2256 250
oIcY i0
X BLACAR ito 7225+67 10~5-67 1-22-69 8£412 Qood
RS-31 3
ERL 4222 250
BFy 7.5
85 BLACAR i0s T=2567 10-5-67 1-22-69 S:112 Good
RSe31 3
ERL 4221 250
¢ 10
191 UTVAR 1C0 7=2G=67 1)e6-67 162269 St1li aoed
ERL 4221 25¢C
crey i
1.¢ BUTVAR 160 722457 10-5-67 1-22-69 Stiil Jood
RS=31 3
ERL 4221 3sc
Dicy i
113 BUTVAR 120 7-21-67 10~5-67 1-22-69 feill Aeod
RS-31 3
ERL U221 25¢
BF, 7.5
118 BUTVAR 100 8-17-67 162567 122469 2ti11 aood
CAP 203
¢-BCTYL PERBENZDATE 8
l2¢ BUTVAR H §-25-67 iC-5-€7 1.22-69 Sti1l ool
RS=13. 3
EpON 828 131.%
MNA 1188
BOMA 1.2
127 BUTVAR 165 822567 10«5-67 1.22-69 25111 food
RS«31 3
EPON 829 158
MNA 142
BOMA 1.58

16 hrs at 85°F; 3 hrs to go

3 hrs te eo hoel o f6ow

from 85°F to 125°F; 2 hrs at 125°F;
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"EXFANDABLE RIGIDIZABLE WING TANK MATFERIALS AND

TABLE VIII

DESIGN DEVELOPMENT"

'1st of Phvsical Tests

(Revision A 11-17-67)

All tests to be run at amblent ftemperature.

1

rest

*#ronstile
*¥3onuile Modulus

¥ onegation

¥Compression
¥Compression Medulus
¥ lexural

*i'lexural Modulus
*¥Shear (notched)
*Bearing

*¥lodulus of Rigldity
Hesin Content
| Speciflce Gravity

¥ = tropert
G” , Ls” and g0¢

Total

MNo. of

Specimens To
Tested (A)

Be

[y

[}
oA

[
wou

Ut

P
[GERC RS

20

20

XX X X X XK K X X

N

= U5
= 45
= h5
= 5
b5
= U5
= L5
= U5
= 5
15

W W W LW w W W
N

(i
[

= 100 (1)

5 = 100 (R)

direction

warn directlonsk*,

L= L innels ¥ Lhroee
\ ; = 'three speeluonns each,
My o= lobtal ot 2C teost paneis.

o= Totul test speeimens

e ey —

P,

frcoqn

174

ASTM
ASTq
AST
ASTH

ASTM

ASTM D

ASTM D

ASTM
ASTH

ASTY

ed,
S¢d,

ASTH

iexr will be measured at angles of loadinm of
' te the warnp

of' the fabric,

each nanel,

Speelfication

D oe38.plm
D f38-gam
no633-64T
H 695-63T
D 695-63%
790-56
790-66

D 2345-65T
D a53-54

N 1043-61T

Teat Methed
Fo. h06.-7061

7o792~-647m

SNCUTIRN

i b e

—te

TSR I TRV

A_‘L o . s e
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Table XIII - Compression Modulus and Ultimate Compressinn Stress

Spec., Load Compression |[Ult.CompressionComp, Modulus
NO. ilf, _psi - psi psi
1 3,810 25,940 49,416 3,44 x 100
2 | 3,760 25,906 48,704 3,61 x 105
3 ‘l, 100 25,873 53,040 3.47 x 106
Average —=| 25,906 50,386 3,50 x 106

———r

425°F, 15 PSI, 1 1/2 Hours Cure Time

Spec. Load Compreasion |Ult.CompressionComp, Modulus
No. _1bs, psi psi psi
2 3,576 29,629 52,962 3,88 x 100
2 | 3,760 29,806 56,035 3,93 x 106
3 | 3,600 29,850 53,731 4,78 x 106
Average ——=| 29,762 54,242 4,19 x 106

Table XIV - Bearing Strength of Tank Material

Max, Bearing

Spec,[ Hole Load earing Stress| Load

No, | Dianm, lbs, psi lbs, Stress psi
1 |.126 350 . 28,058 957 76,719

2 |.126 430 34,471 910 72,952

3 126 * 970 77,761

4 |{.126 320 25,653 1,060 84,976

5 |.126 300 2k,050 987 79,124
Average —~| (U%) 28,057 (Max,) 78,306

# Bad Curve
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Table XV  Tank Shell Weight Trade-off Studies
WITH BULKHEADS @ 34 INCHES

Case F.S. 8}1‘::} gheﬁ '{‘gglf g‘an;:r
1 1.25 | 64,52 | 1ll.24 | 146.52 | 104.66
1 1,50 67.25 115,95 149,25 | 106,61
11 1.25 T70.95 122,33 152,95 | 109.25
It | 1,50 75.95 130.957 157.95 | 112,82

WITHOUT BULKHEADS

Case F.S, Stliggf ghegi '{‘ggl.c %an;f
1 1.25 | 90,41 155.88 | 172,41 | 123,15
1 1.50 96;1} 7165.81 178,17 | 127.26
II 1.25 [103,00 | 177.59 | 185,00 | 132.14
1 1,50 |109.31 188,47 191,31 136,65
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APPENDIX III

WING TANK MATERIAL
SPECIFICATION

YR Ll abald
]

aw me Ame
MALLRLAL VLVULN

1. Scope

1.1 This specification establishes the requirements to be
net for B-staged epoxy resin impregnated glass fabric

1,2 Classification

l1,2.1 Types -~ The material 1s avaiiable in the following
types:

Types 1 - 18. style E- glass fabric constructed from
yarns designated as ECDE 75-1/0 impregnated
with an epoxy resin (See 3.4 and 3.9%)

2. Appilcavple Doouments

.1 The following documents, of the 1s3ue in effect on date
of initiation for ©id or request for proposal, form &
part of this specification to the extent specified
herein:
Specifaicatiens

Federa' o=Pe3l8 Plasrtic f1lm (polyethylene
thin gage)

‘Miiitaty Mlu-F-91:8  Finish, for glass fakbric
Miu~-K=9300 resih, epoxy, iOW pressure

lamainating
Standards
Federa.
Fed Tegst Methned Plastics: Methods of Testing

Std M. wlf

S leftary and
. The information presented on this page 1s propr ry .
NOTE shall not be disclosed without consent of Monsanto Research

Corporation.
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3. Requirements

3.1 Qualification - The impregnated cloths furnished under this P
specification shall ve a product which has been tested, and ]
passed the qualification teats anecifisd Rerdln, and has ]
been listed on or approved for listing on the applicable E
liat, :

3.2 Materials ¢

3.2.1 8Sizes Avallable - The materiai shail be supplied as broad
goods of tre type listed in 1.2.1, and shall conform to
the following requirements.

3.2.1.1 Impregnated Fabric - Fabric shall be supplied as yard-
age 35.0 + 2.0 inches wide, with a minimum roll length
of 35 yards and a maximum roll length of 75 yards.
There shall ba no more than two separate lengths of
fabric per roll, and neither shall be less than 20 yards
in length. The minimum roll length requirement shall
not apply when the order welght limitation prevents

coniformance. However, in no case shall there be more
than 75 yards in one roll.

3.3 Pinish

3.3.1 The glass fabric prior to impregnation shall be treased
with Voisn "A" finish in accordance with MIL-F-2118,

3.4 Resin Formuiaziorn:
Solids Mix ‘
8 By Welgnht X By Weignht

Epon 828 37 a2 SV
DICY (Dicyandiamide) 1.11 1.11
Butvar B76#% 12.41 12.41
Thermolite »¥31 ## .37 . 37
Acetorie 42.33
DMF (Dimetnyliormamide) 6.00
Deionized H,0 —D0
TOTAL 51.11 100.00

3.5 Propertvies of the Uncured Preimpregnated Fabric:

Resin soiids content dry) 38 « 2%
Voiatiie coatent Less than 1%
Resain flow 4 = 3%

Gel time \minutes; 4 o 9

NOTE: The information presented

shall not be disclosed wit
Corporation.

on this page 1is proprietary ang
hout consent of Monsarto Reszarch
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3.6 Storage Stability - The impregnated fabric shall meet the
reguirements specified herein after storage for three months
from date of manufacture at a maximum temperature of 40
Mo material shall be shipped after 30 days from Jdate of

—— e A
gl acv vdli’e,

3.7 Approval - Material furnished to the requirements nf this
specification shall be a product that has received approval
from the procuring activity, and is listed in 6.4. The
supplier 1s advised that no material formulation or con-
struction can be changed without approval.

3.8 Workmanship ~ This materlal shall be free of ferelgn matter
and shali be rrepared in accordance with the best commercial
practices for this material.

4. Quality Assurance Provislons

L.l Responsibllity for Inspections - Unless otherwlise specificd
in the contract or purchase order, the suppller is responsivle
for the perforrance of all 4nspection rezquirements as specifled
herein. Except a: otherwise specifled, the supplier may
utilize his own or any commercial laboratorJ acceptahles i

.

the prozuring acriviuvy Thie procuring activity reserves i

right to peérsyarm any 9f the inspections set forth in thse snan -
ification whers suach inspectlions are deemed rerussary -3
assure supp:les and services conform to prescribad reguirement
4,2 Nualification Te2sts « Tualification tests for the naterlal
supplied untcr 'his speclifleation shall consics of Lhoae Leiy
necessary it S.ow cendermance with all the regulrenen: s
this spelrfioatinng,
L3 Acceptance insoettlong - foceptance inspeéntions shall oanaisy
of the fol::v ng Cests -
4. Hesin yalids coitant
be Volzv_lo conlens
I Neguan fiow
o} Ge. tlne )
e. Tensnlle strength (amblent temperature)
f. Flexural strength (amblent temperature)
g, idenviticazion
4,3,1 Acceptance Teit Ferost -~ The supplier shall include with wash
lot shipped, two copies of a wrlitten Test report stating oo
results conforning to all Lhe acceptance inspection tesis

specitied in «.3.

NOTE: The information presented on this page is proprietary and
shall not be disciosed without consent of Monsanto Research
Corporation.
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4.4
4.4.1

b.4.2

4.4.3

Test Methods

Volatile Content - Using a template, cut four (4 x 4 inches)
square specimens on the blas from random locations on each
sample. Weligh each specimen to the nearest milligram
(0.001 g) and then suspend each in a circulating air oven
3t 325 : SOF for 15 minutes * 1 minute. On removing the
specimens from the oven, cool Iin a desiccator to room temp-
erature and rewelph each specimen to the nearest millipram,
The average of the four values shall be recorded. Calculate .
the volatile content as follows: '
W - W
Volatile content, welpght percent = o 1 x 100

W
0

where: W = original weight (in grams)
[o]

W = welght of specimen after volatiles removed
1 (in grams)

Resin Solids Coritent - The four specimens used for the

volatlle content tests shall be placed in previously

ignited, cooled and welghed porcelaln evaporating dishes.

The specimens shail then be 1gnited in a muffle furnace

maintalned at 1050 : 50°F for a minimum of one hour or

until the glass fzabric is white 1in color. Cnol the

specimens to rocm temperature in a desiccator and re-

welgh each specimen to the nearest miliigram. <Talculate

the resin ccntent as foilows: and record the average of

the four values: .
W= W '

Resin Qolidu zontent, welght percent = . -

SO YR I Yo

L
v
1

-~

where: W = welpght of speclmen alter volatiles removed
4 Lir grams)

w2 = welght of specimen after ignition>(ln grams)

Wet Resin Flow - Using a template, cut twenty-one (4 by 4
inches) squares on the bias frem random locations orn each
sample. Stack seven of these squares to form a specimen,
welgh to the nearest milligram and then place a sheet of
.005-inch thick Teflon or other suitable parting film on
each side of the specimen. Flace the specimen 1In the

center of a preheated press with platen maintalned at

325 : 50F. Immediately clcse the press and apply a dead
welght pressure of 15 ps!. Cure the specimen for 15 minutes
minimum, remove the parting film from the specimen. Allow

NOTE: The informatlon presented on this page 1s proprietary and

shall not be disclosed without consent of Monsantc Research
Cerporation. 206
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to cool to ambient temperature and carefully remove the
resin flash. Then reweigh to the nearest milligram.
Calculate the resin flow as follows and report the
average of the three results:

{ aen

Resin flow percent = w3 -y « 100
' W
. 3
where: w3 = original welght of specimen prior to cure J
[
wu = welight of specimen after cure with flash
removed.

4,4,4 QGel Time - Before fabricating the mechanlcal test speci- 1
mens, determine the gelatlion time of the materilal as
follows:

a. Prepare a2 laminate using a template to cut a {
sufficient number of squares (4 by 4 inches), |
Sandwich this specimen between sheets of tetra-
fluorcethylene-coat«d glass c¢loth or other
parting matevrial. The total thickness shall be
compatible with the procedure defined in (c)
below.

b. Place the specimen in the center of the platens
of a preheated press which has been stablilized
at 325 : 57F and close rapidly applying a
pressure of 30 psi.

¢. Probe the extruded resin with rigid 1/8-inch
diameter wood stick untll gelaticn occurs.
Preceding gelation, the resin will adhere to
the angled surface of the probe and long strings *
wlll form as the probe 1s withdrawn. Gelation
1s defined as the time after pressure application
at which the resin will no longer form strings. {
Report tne average of twc determinations.

4.4,5 Mechanical Test Specimen Preparation

4,4,5,1 Laminate Preparation - Prepare a laminate approximately
’ 10 by 12 inches with the warp direction parallel to the
] 10-inch dimension A sufficient number of plies shall 1
| be used to give a cured thickness of .125 + 0.010 -
| 0.0¢0 inch. The lay-up shall be placed between a 4
. .005-1inch Teflon or other suitable release fllm leaving
e the ends open. FPlace the laminate in a preheated press
maintained at 325 : 10OF and apply a pressure of 30 psi

- ietary and
NOTE: The information presented on his page 1s propr )
' shall not be disclosed without consent of Monsanto Research

Corpcration.
2C7
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6. Notes

6.1 Intended Use - The material covered by this specification
i3 intended for use in the fabrication of laminated strug-
tural components which may be aubjected to tenperature of
105°F.

6.2 Ordering Date - Procurement documente should speaify the
following:

a. Title, number and darve of this specification
b. Material type required
¢. Quantity required in yards

6.3 Definitions

6.3.1 Impregnated Fabric Lot Size - A lot of epoxy resin impreg-
nated fabric shall consist of the original rolls of one
lot of fabric and one batch of resin used for impregnation
at the same time in one continuous uninterrfipted 24<hour
coating operation so that the length requirement of
3.2.1.1 shell not consist of material from more than one
lot number.

£.3.2 Resin Batch - A resin batch 1s defined as thet quantity of
material which has been subjJected to unit chemlical processing,
“or physical mixing, or both, designed to produce a product
of substantially uniform characteristics.

6.4 Source of Supply:

6.4.1 Cordo Division of Ferro Corporation, P. O. Box 72, Mobile,
Alsbama 36610 _

A * Purchased from Monsanto Company
St. Louis, Missourl.

#% pPurchased from M & T Chemical Company
Rahway, New Jersey.

NOTE: The information presented on thils page 1s proprietary and
shall not be disclosed without consent of Monsanto Research
Corporation.




APPENDIX IV ]
REVISION-¢

REVISED 12-29-67 ‘i

WING TANK MANUFACTURLNG

PROCESS SPECIFICATION 4
4
Noe. MRC-MP-001 !
SUBJECT: Pressure bag molding reinforced thermoplastics for
making an expandable, rigidizable wing tip tank.
1. Scope
1.1 This process describes and establishes the procedures
and reguirements for the fabrication of an expandable,
rigidizable wing tip tapk
1.2 There 1s no equivalent government process specificavion.
1.3 _Types or Clasces i
1.3.1 Type I - Fabric, L81-75ECDE yarns "E" glass fabric
impregnated, MRC-M3-C0L Type I
1.4 Applicable Documents: : o -
The following documents of che issue shown form a part B
of this specification to the exvent speciflied nereia.
i.4.1 Government Sﬁeciflcations and Standards: o 1
Federal test method standarés 406-plascics,
method of testing
2. Materia.is {
2.1 181 Sty.e E~glass fabric constructed from yarns designated ﬂ
as ECDE 75-1/0 impregnated.
Spec: MRC-MS~QU.L ﬁ

NOTE: The informaticn presented on this page s proprietary and
shall not be disclosed without consent of Monsanto Research
Corporation.
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2.2

2.5

2.6

2.7

2'8

ne
[

NOTE:

Source: Coast Manufacturaing % Supply Company
Cordo Division c¢f Ferro Corporation
Narmeco Materials Division

EPON 828 Resin

Source: Shell Chemical Company, Cleveland, Ohio

]

Dicyandiamide {

t3

ICY;

Source: Matheson Coleman & Bell, Cincinnati, Ohilo
Butvar B-76 .

Sour-e: Monsantc Company, St. Louis, Missouri
Thermalite 3l _

Sourse: M & T Chemicai Incorporated, Cincinnﬁti, Ohio
Solvent, 2imethyiformanide (DMF;

Source: Amsco So.vents & Chemicai Company, Cincinnati, Ohilo
Soivent, Acetone

Source: Amsco 8oivent & Chemical Company, Cincinnati, Ohio
Soivent, Napthe

Source: Amé;o,So;vent & “hemical Company, Cin:.innati, Onhio
Deionized H:O
Polyetny.ene Bag 00&" thick
Capron 80 £ilm 005" thick 7

Scurce: Al.ied Chemicali Corporacion, Morplstown, New Jersey
Tediar Fiim .002" thick |

3ouree: E. 1. DubPont De Nemours & Company, Cleveland, Ohio
Moid Reiease, 252-C Soldtion

Source: Axe: Fiasvics Research Laboratory, Long Islanag City,
New Yorx

Nylon Biesder Fabric Styie #3921

Source: Miltex, Intorporated, Fort Washington, New York

The information presented on this page 1s proprietary and
shall not be disclosed without consent of Monsanto Research
Corporation. 510
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NOTE: The informatio:. presented on this page i:

Cortonn Eleeder Ciloth IZujie Solildtex 307

Source: Industrial Textiles, Incorporated, Cincirnnasi, Chio

E]ulpméub

Varuum pump-capable of oulling minimum nf 25 inches Hg.
Pressure pump-capable of pusping air to 45 psi.

Pressure regulator-capable of controlling pressure + 1 psi

Female Thermo Rubber Bag t0 take 1nternal pressure 30 psi
and to 350°F and with thermacouple outlets and thermo-
atavic control to meet the température reqguirements of
this process

Weighing equipment capable of an azcuracy of i1/4 of ons
percent

Wa.K-1n cooler Or refrigerator capable of maintail

Doy
40°F or below
Instrumentation as requirea by this process
Frocedure
Mold Preparaiizn
On newWw neuds Jemove adl grease, oll, and sohel aariace
ontaminanss with Mapcohe

T

Afver <act @moLding reindve I

rrost e mold Use orass
Preformning

Cut th2 preimpreguaced Civbth il @ paituern o forn :
iayer of uniform coveltage over the surface of The noia.

Overiap e€acn joint /4" = 1/a"

Heat eawh ply With neal gun
ania 1o debuik ard bond eas

Continue operations 4.2 4 & 4 z-¢ tiil desired number of
plies have been piaced 1n layup-

Wote: Rotate over.ap joinlts 50 LThnat none acorue in
sane are€a

voeprlenary =od

Is g
shall not te discivosed withcut consent of @
Corporation. 211
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e Fiace nylon bleeder ply over layup

A4.2.5 Place two or more ply of cotton bleeder over nylon :
blceder ply :

A4.2.6 Vacuum bag part and cheéck for vacuum leaks. Patt ¢
should have 2 minimum of 25 inches Hg. during this ?

period. Place part in oven and heat part to 170 !
+ 10°F for 20 + 5 minutes allowing part to cool

+ 10°F -0 for 20 + 5 minutes <0 allowing part to
cool outside oven with full vacuum till part researches roor

Ae 2.7 Remove vacuum bag and bleeder material temp,

A4.2.8 Remove preform trom moid

Al 2.9 Trim preform using hand shears
5 Deployment of Wing Tank

A5.4 Molding (See paragraph 4.1, 4.1.1, 4.1.2 and 4.1.3)
5:.1.1 Loading

C..1-1-1 Loading preform wing tank assembly into female thermo
rubber bag or female mald. Vacuum bag part in female
tool.  Apply 30 psl total on part.

5.2.1 Molding and Curing
1

-1 Curz resin system at 335°F + 10°F for 3 hours -0 +
10 mi~nutes at 30 psl. ’ .

5.2,2.3 The molding pressure shali be remaved dnly when the
wing tank 1s cooled vo a temperature of 190°F or below.

Material Sﬁor;ge

LAY

Store MRC-MS-00l1 material at or below 40°F in sealed
polyethyiene bags. ldentity of the material shall be
maintained Material shall not remain out of refrigera-
tion more than 24 votval hours prior to being used.

NOTE: The information presented on thls page is proprietary and
shall not be disclosed without consent of Monsanto Research
Corporation.
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NORTH AMERICAN ROCKWELL CORPORATION
COOE IDENT NO. 89372

NUMBER , REVISION LETTER
STO605HAQ01 2 Al T T T 1 j I PAGE 2
1.0 gcony
1.1 This specification ovtlines the materials to be usad and the procedures
to be followed for fabricating a collapsible wing ctank from cowposite
materials.
1.2 This document describes the in-house fabrication of subassembliet and
the on-site assembly of the complet2 structure. Provisions were rmade
{n che selection of materials and processes for the final assembly to
accommodate relatively unsophisticaced processing equipment normally
available at on~site installations,
2.0 APPLICABLE DOCUMENTS, EQUIPMENT AND MATERIALS
2.1 Documents
Drawvings
TT-17901 Tank-Complete, 150 Gallon Collapsible Wing, Assy, of {Test)
TT=17902 Hardback = 150 Gallon Collapsible Wing Tank Assy. of (Test)
T1+17703 Bulkhead-Collapsible Wing Tank, Assy. of (Test)
TT-17904 Citp-Bulkhead, Collapsible Wing Tank (Test)
TT-17905 Bushing-Collapsible Wing Tank, Suspension Lug (Test)
TT-17906 Fitting-A{r Pressure Adapter, Collapsible Wing Tank (Test)
TT-17907 Bolting Ring-Collapsible Wing Tank, Assy. of (Test)
TT-17908 Fitting-Water Drain, Collapsible Winz Tank (Test)
TT=17909 Tank-Collapsible Wing, Assy. of (Test)
Sketch No. 3 Ovérlap Stations Parallel to the Longitudinal Axis
Sketch No. & .Flat Patterns of Gores, Sheet 1
Sketzh No. 5 Flat Patterns of Gores, Sheet 2
Sketch No. 6 Flat Patterns of Gores, Sheet I
Sketeh No. 7 Flat Patterns of Gores, Sheet 4
Specifications 7
MRC-MS-001 - Specification for Impregnated Cloth for Making an
Expandable Rigidizable wWing Tip Tank
MRC-MP-001 Wing Tank Manufacturing Process Speciffcation
MIL-T-~7378A Military Specifications Tanks, Fuel, Afrerafe,
External, Auxiliary, Removable
MIL-P-~25421A Plastics Materfal, Glass Fiber Base-Epoxy Resin, Low
Pressure Laminated
LA~0103-006 Tolerances and Processing of Machined Parts
2.2 lguiggent_
Tooling
Tooling shall be of metal, reinforced plastic or ceramic suitadle for
vacuum bag, autoclave or positive air pressure molding as required for
the i{ndiv{dual parts, assemblies or operations.
WORM 1M-H-2 MY S48 214 -
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2.2

(cont'd.)
Hot Air Circulating Oven

A hot air circulating oven of sufficient size to enclose the largest
part. The oven shall produce even heat, controlled to + S%F up to
3359F as indicated by thermocouples throughout the part,

Autocluve
An sutoclave capable of wolding materials up to nine (9) feet long and

three (3) feet wide. Even temperature (+ 10°F) to 350°F, augmented
pressure to 50 psi, and vacuum of 25 Inches of mercury are required.

Yacuun Pumps

For bag molding operations, vacuum pumps rapable of 25 inches of mercury.

Automatic Temperature Recorder

Multiple channel recorder to continously record temperature cycle during
the cure of resins and adhesives.

Cold Storasge

Refrigerated boxes to maintain temperatures of 35+2°F and -10 & 10°F
for material storage.

Pressure Pump

Pressure pump capable of producing air pressure from 0 to 45 psf and
regulated to + 1 psi at any established point within the range,.

Beat Gun

Electrically heated, blower type heat gun capable of producing and
maintaining an air temperature of 300°F.

Sander
Mechanical type (jitterbug) operatimg on 110 volt, replaceable paper.

Sand Blast Equipment

Of sufficient size to enclose the largest part, requiting sanding.
Must use clean silica sand.

Spray Equipment

Equipment must be capable of atrless spraying of liquid adhesive primers,

no
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2.2

2.3

t'd.
(Sf::‘nlng )‘hnko

4 1ine of cleaning tanks cspable of immersing the isrgest aluminum
details, The line must contain acid etch, alkaline claanar, wvater
rinse, dionized water rinse and trichloroethylene vapor degrease.

Weighing Equipment

Must be capable of weighing to an accuracy of 0.25 percent up to three
(3) pounds and vithin 1 percent above three (3) pounds.

Support Equivcent
Bquipment such as band sawvs, routers, drills, and other necessary for
wachanical operatfons.

Miscellaneous

An assorteent of layup benches, knives, scissors, rubbing tools, clean
rags, clean vhite gloves, solvent cans, clamps, spatulas, mixing equip-
went and other miscellaneous ftenms,

Matecials

Productive

Epoxy Resin MIL-R~9300

Catalys: APCO 320 (Appifed Plastics Co.)

Preinpregnated Fabric MRC-MS-001 (Monsanto Research Corp.)

Film Adhesive MM«A«132 Type 1, Class 2 (AF=126-2,3M
' Co.)

Paste Adhesive 7%4-132 Type I, Class 3(Bondmaster

M602/M611(Cit=1) ,#PG Industries)
Paste Adhesive Room

Temperature Cure MIL-A-8623 Type 1 (EC-2216, 3M Co.)
Glass Fabric MIL-C-9084, Type VIII

Aluminum Core (Flexible) Flexcore (Hexcel)

Aluminum Honeycanb Core M1L-C~7438

Inorganic Filler 1557 AB Levigated A1203(B. Buehler Ltd.)
Thermocouple Wire Ircn~Constantan GG~30<«AT 30 Gage Fiber

Class Shielded (Therwo Electric Co., Inc.)

POAM 131-H:3 REY (/88
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NUMBER REVISION LETTER
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2.3 {cont'd.)
Plastic Film Hi-Temp Nylon Vacuum Bag Pilm
' : {Nolan Fiim Co.)
Separator Sheet TX1040 Teflon Fabric (Pallfex Products
Corp.)
Dap Mater{ial DK 153 Corprene-iAdhesive Backed
{Arustrong Cork Co.)
Mold Release Mold Whiz 249
Mold Release . Duco #7 Wax (Dupont)
Mold Release Kish 250A (Kish Plastics)
Hold Release 252=C Solution (Axel Plastics Research
Lab,)
Aerodynanic Filler MIL-S-8802, Class B
3.0 REQUIREMENTS
il GCeneral Requirexzents
R 3.1.1 Cercification of Materials
All waterfals shall be procured with certification for meeting the
requirements of the applicable military specifications. Receivinge
Inspection tests shall be conducted upon material receipt to assure
conformance to the speciffcations unless a cerzified test report
assuring specification conformance {s supplied by the vendor.
34,2 Storage of Materfals
3.1.2.1 Raw Materfals
3.1.2.1.1 Epoxy Resins shall be stored in closed containers at 75 +10°F but
refrigeration (below 409F) is permitted, When refrigerated, the resin
shall be warced to reom temperature {n closed containers to prevent
moisture contanination.
3.1.2.1.2  Catalysts shall be stored in their original containers at 75 +59F with
all precautions necessary to prevent contamination. A small amount
(1 pint) of catalyst may be heated to 120 +1COF in a tightly closed
container frmediately prior to use to facilitate mixing. If complete
liquefaction L5 not achieved, all materials of that batch shall be
scrapped.,
. 3.1.2.1.3 Prepregged Materials shall be stored under vefrigeration (Below 40°F)
wich the protective liner left intact. They shall be allowed to reach
room temperature prior to removal of gseparator sheets, No more material

FORM 125-M-2 REV /48
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NUMBER

RE VISION LETTER PAGE
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3.1.2.1.4
3.1.2.1.4.1
3.1.2.1.4.1.1

3.1.2.1.4.1.2

3.1.2.1.4.1.3

3.1.2.1.4.2

3.1.2.1.4.3,

3.1.2.2

{onmetd
Vwsese woy

shall be left at room tempecature than can be used within a 16
hour period.

Adhesives

APe126-2 Film and EC-2320 Primer

The adhesive shall be stored at a temperature of 0°F or lover
when not in use. The primer shall be stored at a temperature
of 359=45°F. Lower storage temperatures shall not be used for
the primer i{n order to avoid freezing of this material,

Details to which adhesive or primer have been applied shall
oot be returned to refrigerated storage.

Max{mum shelf life of the adhesive and prizer described in this
specification {s 6 months from date of receipt from supplier {f
maintained per J.1.2.1.4,1.1. Materfals stored {n excess of this
period shall be referred to the Quality Assurance Laboratory for
recertf{fication or disposal.

Bondmaster M611 Adhesf{ve, CH-1 Curing Aceat and Bondmaster
M-602, Parts I and II Primer

Storage life of the unmixed adhesive, curing agent and primer
shall be a maximun of 6 months at 75F or one year at &4OF (or
below) from date of receipt from supplier. Matetfals stored
in excess of this period shall be referred to the Quality
Assurance Laboratory for recertification or disposal.

EC-2216 Adhesive, Parcs A and B

Storage life of the unmixed adhesive shall be a maximum of
6 wonths at 75F or one year at 40F. (or below) from date of
receipt from supplier, Macterfals stored in excess of this
period shall be either scrapped or referred to the Qualfty
Assurance Laboratory for recertiffcation or disposal.

Woven Materials

Unimpregnated glass fabric may be stored at roon temparature
but shall be wrapped to preclude contamf{nation from dust, dirt,
oils and other contamf{nents.

EONM 131-H-2 REY 148
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J.1.2.3

3.1.2.‘

3.1.3

3.1.3'1

3.1.3-2

3.1.3.3

3.1.4

Core Macerial

Matallic core must be stored f{n such maaner as to prevent damage
from stackiog or haadling.

Cured Materfal

Precured laminates, core and other detafls shall be stored in
the "ag-molded conditfon"., They shall be {aterleaved with
kraft paper and stored in such manner as to prevent contamina=
tioo from dust, dirt, oil and handling.

Tool Preparation

The surface of the tool shall be highly polished and free of
scratches, pits or foreign matter which would impair the part=-
ing, swoothness and cure of the laminace, The surface of the
tool wshall be coated with the parting agents listed below in
sccordance with the manufacturer's instructions., Where bag
sealant will subsequently be applied, the tool must be masked
prior to application of the release agent. Wwhere the MCR-M5-001
material c¢ontacts any tool surface, regardless of the tool
mater{al only Mold Release 252C Solution shall be used and must
be renewed after each laminating operation. Si{lfcone Parting
Agents guch as DC-7 shall not be used,

Metallic Tool Parting Apent

Spray a double cross coat of Mold Whiz 249 air dried for five
minutes and cured for 25 winutes at 225 +109F. This mater{al
need not be reneved until difficulty {n part releise {3 noted.

Ron-Metallic Tool Parting Asent

Apply a coat of Duco #7 hard wax to the wold surface and polish
to & high gloss. Spray a double cross coat of Kigh 250A air
dired 10 minutes between coats. This release must be reneved
after each laminating operation. '

Flat Svrfaces - All Tool Materials

Cellophane or simflar plastic film way be used wiere part
configuration will not cause wrinkling of che film.

Processing Wet Resin Systems

3.1.4.1

Reafn Formula and Impregnation

The following forwula shall be used for {mpregnation of all
glase fabric and shall be sccurate to + one (1) percent, The
components shall be rhoroughly blended prior to use and no more
than & four (4) hour supply shall be mixed at one time.

PORM 131:H-3 AEBY /84
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NORTH AMERICAN ROCKWELL CORPORATION
COOE I0ENT NO. 891372

3.1
J.1.4.0.1

J.1.4.3.2

NUMBE P REVISION LETTER
3.1.4.1 (cont‘'d.)
Component Destgnation Parts by Wt. Percent
Resia EpiRez 510 or 80 18.4
squivalent
Catalyst APCO 320 22 21.6
J.1.4.2 Reinforcement Impregnation

All reinforcement shall be impregnated to 40% wet resin content
by veight, The amount of resin formula .required for any amount
of glass {s: che glass wveight times 0.75., This allows a ten
percent excess for resin loss. 'fhe resin may be applied by
{mpregnation of each ply on the tool or, where large quantfties
{f material are required, it may be applied by a doctor blade
or similar equipment as detailed {n paragraph 13.1.4.3,

Lay-Usn Procedure

General

The engineering drawing will designate the type, direction and
nunber of plies (laminatfons) of reinforcing fabric, Butt joints
are not permftted and laps shall be held to a winimum. When lops
are necessary they shall be held to 3/4+1/4 {nch in width and, in
successive plies, shall not be superimposed over one another, Tear
or peel plies shall be added on all surfaces where secondary
bonding is requfred within the limitation established in paragraph
3.1.7. Theruocouples shall be integral wicth all laye-ups for the
purpose of controlling proper temperature of the resin during

cure and the time-temperature history shall be recorded by aute-
matic equipment. Location of the thermocauples shall be by Insgection

Hand Impregnation

The reinforcing material shall be cut to pattern {allowing 1 to 2
inches for trim) and weighted to the nearest gran., The azourt of
resin formula shall be calculated and mixed in accordance with
paragraph 3.l.64.1. A light coat of resin formula shall be spread
over the tool surface which has bzen prepared per paragraph 3.1,J
and a ply of reinforcing material smoothed over the surface.
Additfonal resin and reinforcement shall be addad and smoothed
out until B/P requirements are obtsined,

FORM 181:4-0 REYV (6}
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NUMBER REVISION LETTER
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al 1t 1 b1 1

3.1.4.3.) Wet Premgregnation
The fabric which has been impregnated by mechanfcal processes to
the requirements of 3.1.4.2 shall be cut to pattern and applied to
the tocl previously prepared per paragraph 3.1.3, Plies shall be
added individually and smoothed on the tool surface using a
squeegee or similar tool. This suoothing operation i{s to eliminace
vrinkles and pressure should not be such as to remove resin from
the laminate.

3.1.4.4 Pressure Application and Curing of Woven Materials

301-‘.‘.1 General
Préssure shall be applied to the laminate during cure to insure
intimate contact of mating parts. The pressure shall be constanr
and evenly distributed and may be applied by vscuun bag, autoe
clave pressure, posftive pressure or combinations thereof,

3.1.64.,4.2 Vacyum Bag and Cure QOperations

3.1.6,4,2.1 Vacuum Bag and Rub-Out Operations

After the part has been lafd up per paragraph 1,1.4.] bag sealant
material and hafr-felt or bleeder materfal shall be positioned

on the mold to allow a minimun of 3/4 of an {nch between the
bleeder and the edge of the lay-up and the bleeder mat during

the rub-out. The peripheral bleeder shall be thicker, under
vacuum, than the exposed edge of the part being made. The
vacuum bag shall be tailored over the layup and sealed with

2inc chromate putty. A vacuum hose shall then be connected so
that it comes In contact with the bleeder mat., In no case

shall the vacuum hose come in contact wich the lay-up., Adequate
vacuum ports shall be provided so that the vacuum never has to

be pulled more than two feet in any direction, 1If greater dise
tunces are necessary, an expanded spring, adequately protected
against bag rupture shall be used as a manifold. After the vacuum

.pressure {s applied the bag wrinkles shall be worked out to a

minimum. If necessary the vacuum may be removed for ¢ few minutes
in order to relax the bag and further remove wrinkles and the
wacuum then reapplied. This must not be done after the resin
starts to harden, or after rub-out has started. The vacuum bag
shall be checked for leaks and a minimum pressure of 125 ps{i or

25 Inches of mercury must be maintained throughout the rube-out,
pre-~cure and cure cycles except as specified in paragraph
3.1.4.4.2,2.

FOPM 131:4-2 ABVY /80
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3.1.4.4.2.1

3.1.4.4.2.2

(cont'd.)

#ub=out shail be accompiished with soit rub-out "paddles” or
"gqueegees" free from sharp edges. The rub-out shall be starced
near the middle of the part ind worked towird all sdges evenly,
insuring a dam oi continuous resir. to trap air toward the outside
of the part. The part may be heated to 140° +10F (as determined
by the thermocouples in the part) for ao longer than 20 minutes
maxigum to facfilitate rubeout., Rubeouts shall be contirued until
inieial prominence of fabric weave and a2 continuous homogeneous
appearance indicate sufficient rubeout has deen accomplished.
Excess{ve rubeout pressure can cause resia starved areas or results
4n a final part with too low a final resin content. (Optimun = 32
+ 2 percent by weight), Rub=out is not rnquired where matched
tooling or pressure plates prohibit the cperatfon. 1In these areas
extra care must be exercised to eliminate vrinkles during lay-up.

Cure Cycle=Vacuum Bag Operation

Details containing the resin formula of 3.1.4.1 shall be cured
by the following cycle. The temperatures shown are those of the
part and not the heatfng system or the visible surface of the

tool.

Condition During Temp (°F) (1) Tize at Temo. (Minutes)
Pre-cure 170 +10 60

Cure 250 +10 60

Post-cure 325733077 , : o , 120

1. Time at temperature {s the actual ainizum ticve for the
part to be at the temperature shown for the specific
econdition, This temperature shall be established by
thermo couples In the part. Tenperatures shall de
autonatically and continuously recorded during the
heating and cooling cycles.

2. The time for the part temperature to reach 170 +l10°F
(precure) shall be 25 45 minutes. Heat up rate for
other conditions may be maxizmum obtainadble with the
equipment and still hold required temperature
tolerance.,

The part shall remain under pressure for the complete pre-cure
and cure cycle, Vacuum bag pressure may be released for the
post-cure but the parts shall not be removed from the tool
until chey have cooled to 150°F maximum,

PORM 131:H-2 REVY 1§68
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3.1.5
3.1.5.1

NUMBER REVISION LETTER oaoc
STO605HAOCT2 S B I 11
3.1.6.4.2.3  Autoclave Pressure Molding and Curine

The laminate shall be lafd-up in accordance with paragraph
3.1.4.3.  Around the periphery (within 1/4 {nch) place a dam
of adhesive backed rubber impregnated cork (Corprene DK 153),
Place a meparator sheet (1X 1040) over the lay-up extending
over the dam. Place bleeder fabric over the separator sheet
and extending over the manifold vacuun (expanded spring wire).
Ths rumber of bleeder plies shall be established as follows:

Using: 181 fabric = 1 ply for each three plies of 18l
within the lay-up

1557 fabric « 1 ply for each two plies of 181
within ths lay=-up

Posicion thermocouples and vacuum bag the entire lay-up, making
sure there are no leaks In the bag or arcund the periphery of

the part. Allow the part to stand for 20 minutes, under full
vacuwn but with no heat applied. Place the package in the auto-
elave with full vacuum pressure (25 inches of mercury) and apply
heat per paragraph 3.1.4.4.2.2(2). When the part reaches 130°F,
again sllow to dwell for 30 minutes, Apply 50 psi positive pre-
sure at the maximum rate of the equipment, When the pressure
veaches 25 psi, remove the vacuum and allow the part to be vented
to the atmosphere. Increase the temperature to 170°F and continue
cure paragraph 3.1,4.4.2.2,

Processing of "B" Staged Resin-Systenm
Lav=U>

The preimpregnated material shall be cut to pattern as per

Flat Pattern of Gores, Sketches 4, 5, &, and 7 and uniformly
placed in individual plies on the tool. Any laps shall be
limited to 3/4 + 1/4 inch and shall be staggered to minimize
thickness build up in any one area, as per Skeactch 3, Overlap
Statiocas Parallel to the Longitudinal Axis, Each ply shall be
heated with a heat gun to "weld" successive plies to the previous
ply. As each layer is applied, it shall be smoothed onto the
surface using a squeegee or similar tool. This operation eliminaces
vrinkles and reduces the uncured thickness of the detafl. The
operation shall be continued until drawing call out thickness

1s achieved.

FONM 191:He2 REY Y:6¢3
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lwanast{an

Thermocouples shall have beea or will be placed against the

iay-up vhere it is beljeved wiil have che slowest heat-up

rate., Pressure shall be applied and, if by vacuum, the assembly
will be checked for leaks in accordance with paragraph 3.1.4.4.2.1.
Tull vacuum or 15 psi positive pressure shall be applied and the
ausenbly heated to 170 #10°F. This temperature shall be main=-
tained for 27.5 #2.5 winutes. The heat shall be removed from the
part but pressure shall be caintained for 12 hours.

3.1.8.3  Cure

Cure of the compactad assexbly shall be accomplished at 335 +10°F

for 3 hours minimum under 30 pst (autoclave pressure required for

vacuum bapgged parts). The cure time shall be started when the

coldest thermocouple reaches 325°F. The pact shall be allowed to

cool, under full pressure, to 190°F on the hottest thermocouple
?efcr: lfmoval from the tool. Remove air pressure before reroving paret
foa Looi.

3.1.6 Fabricat{ion and Prefittiny of Detail Parts

Metal and precured details that will be used as part of a
composite assembly shall be fabrfcaced such that when prefit
prior to fabrication, will conform to the following requirements:

3.1.6.1 The honeycomb core blanket shall not deviate from the required
thickness dimension by more than # .005 {nch.

3.1.6,2  The juncture of abutting honeycomb core blankets and metal or
precured reinforced plastic dezails shall mot deviate in thicke
ness by more than # .010 inch. '

3.1.7 Surface Preparation of Details for Bendine
3.1.7.1 General

Both metal and precured reinforced plastic surfaces shall be
prepared immediately prior te bonding unless otherwise noted
fn the Detail Requirements. The surface preparation varies
wvith the type of material to be konded. Specific methods are
presented below,

PORM 191:M-2 PEV (/08
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3.1.7.2 Precured Fabric Laminates (0.CY0 Inch or Greater)

These surfaces shall be prepared by removal of a peel ply or
plies fncorporated into the iInitial lay-up. This operation
will be accomplished wearing clean vhite gloves, using clean
tools to Initiate peel, and In an area where contamiraats

will not be deposited on the cleaned surface during or aftar
the cpecration, Where contour vill oot per—it removal of plies,
- the surface shall be prepared in accordance with the procedure
for "Fadric Laminates = Less than 0.030 Inch",

3.1.7.3 Precured Fabric Laminates (Lees Than 0.030 Inch)

These surfaces shall be thoroughly scuff sanded preferably
with & jitterbug using 200 grit sandpaper, followed by solvent
cleaning per paragraph 3.1.7.4., Surfaces sthali be considered
satisfactoerily prepaved when all resin gloss has been removed
frooc the laminate surface. 1In no case cay the sanding extend
through a ply of the reinforcing fabric.

3.1.7.4 Solvent Cleaninp

3.1.7.4 Haindline of Solvent

Within one hour prior to adhesive applicaticn, all sanded
bonding surfaces shall be hand cleaned with ¢lean cheese-

¢loth and methyl ethyl ketone. The solven: used shall have
been previously certiffed as free from contaminanes and shall’
be stored in a separate containe: which has been identified

for solvent cleaning use only. This solveat shall be applied
by pouring onto the clean white cheesecloth; this will eliminate
contact of the solveant supply with the ¢leaning tissue and
reduce the possibility of solvent contamination.

3.1.7.4,2 Solvent Cleaning Procedure

Booding surfsces shall be vigorously scrubbed with solvent=
suturated cloths and tmmedfately wiped dry with addition:l
clean tisiues before tha so.vent has evaporated. Surfaces
upoa which the solvent has been allowed to air dry sre not
scitable for adhesive bonding. Clean rubber gloves shall

be vorn throughout the volvent cleaning operation. A winimum
of three separate solvent applicationevipe dry operatfons
shall be performed on all bouding surfaces; add{tional
cleaning cycles shall be used, £f required, until fresh

vhite drying tissues show no trace of discoloration.
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3.1.7.5
3.1'7.501

3.1.7.5.2

3.1.7.5.3

3.;.7.6

Alum{num Detaill

General Requirements

Subsaguent to all pre-fic operscions and pre-treitzent per
Table I, all aluminun bonding surfaces shall be treated per
Table II as scon as possible prior to adhesive application,
Unless otherwise speciffed on the applicable engineering draw-
ing, adhesive prizer shall be applied to the bonded area with-
in 24 houra after final cleaning. Details exceeding maximum
allowable time linits shall be recleaned.

Wager Break Inspection

All cetal surfaces cleaned by immersion methods in acids or similar
chenicals shall be thoroughly rinsed with water subsequent to
chenfcal treatwment. After rinsinz, all surfaces shall be inspected
to i{nsure that a "water=break free" condition exists, f{.2. the
wvater film s continuous over the entire surface. Details which
exhibit a break in the water film shall be recleaned until no
vater bresk {s observed. After final rinsing and Inspection,
details may be either air or force dried at texperatures not

to exceed 150F. All parts wust pass water break test one (1)

hour before primed.

Handling of Cleaned Details

Afcer final cleaning, detafls shall be handled with clean white
cotton gloves only, If transporatfon is required between the clein-
ing and bonding areas, detafls shall be protected by wiapping (n
fresh, clean kraft paper,

Aluninum Honeycomb

Vapor degrease in trichloroethylene. Handle Iin accordance with
3.1.7.5.3, '

FOAM 1912 ALY §/48
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TABLE I

SURFACE PRETREATMENT = ALUMINUM DETALLS

OPERATION

Remove all organic finishes (paints, primers and si{milar coatings)
from bonding surfaces with an i{tmersfon stripper.

Alterpate Method

Remove by sanding with 180 grit abrasive paper and solvent wiping
with methyl ethyl ketone. Use only where immersfon or brush-on
strippers cannot be employed because of possible solution entrapment.

Remove chemical films or anodic coatings from bonding surfaces
(aluminum alloys only) with either an {mmersion or abrasive
stripper. : ‘

" Solvent clean to remove all grease, oils, fnk markings, fingerprints,
_atc., with methyl ethyl ketone.

Vapor degrease {n trichloroethylene
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FABLE 11

ALUMINUM ALLOYS - DMMERSION PROCESS

STEP OPERATION . CONSTITUENTS TEMP, P, TIME, REMARKS 4
MINUTES 4
1 Surface pre- Pre-treat bonding
treatment surface3 per Table ) |
2 Alkaline Commercial Alica- 165« 10-15 Constant agication
Clean line Cleaner 1757 required during
cleaning )
3 Imersion Hot vater 150~ 3 Min. Inspect for "water- -
rinse 160F Minfoum break free' surface
per Paragraph
3.1.7,5.2
4 Acid Eteh Sodfum Dichromate 150~ 10+2 Constant agitation
1 part, Sulfuric 160F =0 required during
Acid 10 parts, Dis- Minuces immersion

tilled or Deionized
water 30 parts, all

by weight
) Spray Rinse Distilled or ~ Room As Req'd. ¢
: ‘ Deionized Water {
¢ Immersion Tap Water Room , As Req'd, Constant overflow
Rinse ' sandatory o
"4
7 Spray Anse ' Tap Water Room ' As Req'd,
8 Inspection ' Inspect for "vater-
break fres" surface ‘1
per Paragraph
3.1.7.5.2
9 ey Oven (forced air) 150F As Req'd. 1
air dry Max?mum y
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3.1.8.2
J.1.8.2.1
J.1.8.2.1.1

3.1.8.2.1.2

3,1.8,2,2
3.1.8.2.2.1

3.1 18020212

3.1.8.2.2.3

3‘1.8.2.2.4

Prining of Detafls

Unless otherwise specifiad on the engineering drawing, all metal
detatls bonded to the requirements of this specification shall be
primed. Primer shall be applied within the allowable tiue limite
¢f 3.1.7.5.1. Prizer shall not be applied to bonding surfaces
specifically called out on che applicable engineering drawing.

Primer Application and Cure

EC-2320 Primer

This primer thall only be used in conjunction with AF-126~2
adhesive, when applfcable.

The EC-2320 priwer is supplied in liquid form and may be applied
by brushing or wmay be spraved using conventional spray equin-
ment, Apply sufficient primer to produce a dried f{lm thick=
pess of .0002 to .0005 inches. Air dry for a minimum of 30
minutes followed by a force dry of 30 minutes of 210 + 10F,

Bondmaster N-502 Prirer

This prizer shall only be used in conjuncticn with the Bond-
master X-611 adhesive/CH-1 catalyst system when applicable.

Stir or mechanically shake parts I and II of the M-602 adhesive
primer to disperse any unsuspended material before combining
then to forn the priaer spray solution, After parts I and 11
have been Individually agizated, coaubine to form the primer
spray solution as follows: Add 5 parcs of 1 to 4 pares of i,
by weight, and mix thoroughly., Dilute the prizer spray solution
a8 follows: Add 2=1/2 parts of methyl ethyl ketone (MEX) to 1
puart of priver spray solutfcn, by veight, and mix thoroughly.

The cacalyzed M-602 adhasive primer sclution is now ready for
use. If the materfal is not to be used {mmediately, it shall

be stored {n closed containers to prevent solvent loss by evap-
stion or contaafnation. Place filled contafners {n a cdcl place
and use within a4 waximua cime of three days.

Spray the bonding surfaces of the sheet metal couponents, except
the core, with the prepared M-602 adhesive primer to

a uniform, smooth surface thickness of ,0005=,0009 inches.

This way be accomplished by spraying several light box coats

of the primer using conventfonal spray equipmeur with an air
pressure of abouc 25 psi,
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3.1.8.2.2.5

3.1.8,2.2.6

3.1.8.2.2.7

3.1.8.3

3.1.9
3.1.9.1
J.1.9.1.1

3.1.9.1.2

3.1.9.1.1

3.1.9.1.4

All spray primed parts shall be air drisd for a minimum of 30
minutes efter the final coat to permit parcial evaporatfion of
ihs svivenc in cthe primer. wuring the drying perfiod care shall
be exercised in protecting the parts against contamination.

The parts shall be force dried In 2 circulating alr ovean ak
230-250F for 30 + 5 winutes,

Afcer force drying, the primed parts shall be cured at J30-340F.
tn a circulating air oven for 60 + 5 minutes after the part has
teached this temperature range.

Haudl ¢{ng of Primed Details

Handle all primed details with clean white cotton gloves only.
After curing of primer, protect details by wrapping in Iresh
draft paper until use. These parts shall be bonded as soon as
possible after curing.

If delays i{n bonding are unavo{dable, parts with cured primer
shall be stored in a clean dry place, but not to exceed a period
of 60 days prior to bonding., Jured primer shall be cleaned
imnedfately prior to adhesive application by solvent cleining

in accordance with Para. 3.1.7.4 using fresh naptha or MEX,

Adhesive Application & Cure
AF=126-2 Adhesive

© Adhesf{ve Description

AFPe126~2 adhesive {s a modified epoxy f{mpregnated into a mat type
syathetic film carrier. The adhesive is supplied in film form with
a heavy paper liner on the outer surface only,

Handling of Adhesfive

Upon removal from refrigeracion, allow the outer layers of ade
hesive to warm to room texperature before unrolling to aveid
cracking of the film or mof{sture condensatfon on the adhesive
surface. Return adhesive to refrigerated storage imuediately after
the amount of adhesive required for use {s removed to avoid over-
aging of the material, Use clean white gloves. ,

Applicaéion of Film Adhesive

The AF-~126-~2 adhesive {s a very tacky filu and care nust be ex-
cerised in application tc bonding surfaces. Wherever possible

{t {s suggested that the detail to be bonded be used as a remplate
in cutting adhesive patternc., Clean bonding surfaces per 3.1.7
immediately prior to adhesive application. Allow the outer separator
sheet to remain In-~position until immediately prior to acsembly

of detafls,

Application of Thixotropic Paste Adhesive

The past adhesive shall be employed {n bonding of all heneycomd
sandwich assemblies (and {n other edge bonding applications whece
specified on the applicable drawing). Composition of the paste
shall be as follows: Mask off area not to be bonded.

PORM 191:H:2 ARY B/60

220




NORTH AMERICAN ROCKWELL CORPORATION
COOE 1DENT NO. 89172

3.1 .9.1 .5

3.1.9.1.6

;.1 .9.1 I7

3.1.9.2
3.1.9,2.1

3.1.9,2.1.}

NUMBER REYISION LETTER PasE 19
STO605HAO0L 2 Al VT U T T ’
3.1.9.1.4 (cont'd.)
Material Earca by REiRnT
Bondnaster M-611 Adhesive 100
1557AB Levigated Aluminum Uxide 100
Curing Agent Ci{-1B 6

Pre-nix adhesf{ve and aluminum oxide. Add the curing agent

to the adhesive-aluminum oxice mixture and blend until a
uniforw color is produced. The paste waterial shall be applied
to the side wmacing surfaces of all honeycomb details l.e. core
edges, Inserts, closout members, core splices, etc. Apply the
paste { & thin continuous fila te both mating surfaces. Work=-
ing 1ife of the mixed adhesive is approximately two hours.

Pressure Anplication

Afcter assembly of details, sufficient pressure to assure intimate
contact of details shall be app!ied by vacuum bag, autoclave or
glamps. In all applicacisons, ainisum pressure utilized shall

be 10 psi (29 + 2 fnches of mercury (€ vacuun 5ay pressure is
enployed).

- Cuiing of Adhesive

Raise temperature to 250 # 15F and cure fer 60 to 75 minutes,
Heat up rates oi 1% minutes to 3 hours may be emploved. In all
applicacions, at leas: cne therzocouple shall be placed on the
lover surface of the assexbly in such a positfon that the lowest
snticipated temperature will be read,

The waximun elapsed time between application of the adhesive

to the bonding surface and the beginning of the cure cycle

shall be 48 hours.

Cooling of Cured Adhesives

Cooling rates after cure are not eritical. Full bonding pressure
shall be waintained, however, until temperature of the agsembly
has dropped to at least 150°F.

Bondmagter M-611 Adhesive/CH-15 Curing Apent

Mixing Instructions for Adheuive

Add one part, by weight, of "Monastral Blue" Pigment to fifty parts,

by weight, of the curing agent, CH-1B. Stir or shake well to dis-
perse partfcles; then add six parts of pipmented mixture co 100
parts, by weight, of the paste of Bondmaster M-611 and stir unetil

the mix becomes a uniform shade of blue = that {s, until no streaks

ace observable in the blend.
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3.1.9.2.1.i continued
CAUTION:

3.1.9.2.1.2

3.1.9.2.2

3.1.9.2.2.1

3.1,9.2.2.2

3.1.9.2.2.3

TOXIC FUMES ARE GIVEN OFF DURING THE MIXDNG CPIFATION, TO MINIMIZE
THE DANGER OF THESE FUMES, O3SERVE THE FOLLOVING PRECAUTICNS:

1. Add Activator slowly.

2. Cool the paste prier to mixing.

3. Mix {n quintities of ore quart or less,
4. Ventilate the mixing area.

5. Do not breathe the vapors,

6. Koep the activator off hands and clothing.

After the curinz agent has been blended, there {s na fuiic:, dDuu
prolonged contact of blended adhesive with skin chould be avcided,

Appl{ication of Mixed Paste Adnesive

Fot Life

The adhesive should be applied as soon as possible alier adding

the curing agent, The useful pot Lffe o. the catalvzed adhasive I¢

spproxfmately one hour after which it may dbicomz too thlck to

spread and should not be used. Refrigeraticn proiurgs the pot life

tut is practical only when the adhesive is in small ba.ches that can
be cooled quickly,

Application

The adhesive may be applied with a spatula, 'putty knife, glue=
spreader, or other suitable means such as squeezing frow tubes or
from pressure guns. Tt should be applied in a continuous film to
both bonding surfaces where possible. The coat should be thick
enough to £111 any voids that are left as the result of malformed
mating surfaces, ete, Mask off areas not to be bondad.

Care should be taken to mask external surfaces from "Squeeze-out"
and clean off excess cement from these surfaces prior to curing.
After curing, che cement is difficult to remove, Clean all spreads
ing and mixing equipment with acetorne fmmcdlately after use.

T

FORM 13103 REV 1708

232

A

g la e e

- & o




- —e -

RORTH AMERICAN ROCKWELL CORFORATION

CCGE iDENT wg E13%2

RUKBE R

REVISION LETYER

PaGE 21

STOS03RAOOLZ A L L LT

3.1.9,2.3

J.1.9.2.4
3.1.9.2.“.1

3.1.9.2.4.2

3.1,9.2.4.3

3.1.9.2,4.4
3.1.9.2.5
3.1090205'1

3.1.9.2.5.2

3.1.9.2,5.3

Pressur . Asdlication

Tha oaiy oressure required during cure {s that needed to keep parts
in aligment 8ad to overcome distortion and thermal expansion ot

the adherends.

Curiny of Adhasive

General

The asse=bly shall be cured as soon as possible after cleaning

the bond to iasure proper wetting of bonding surfaces. Maxioum
alapsed ti=2 between mixing of adhesive and closing the bond shall
not exceed 3 hours for all bonded details.

Priced Details
All asse=blies utilizing M-602 primer shall be cured at a bond
line tempevzivre of 250F + 10F for 75 * 10 ninutes. Warm up time

shall oot exceed 45 minutes. Bonding pressure shall be maintained
throughout the eur.

Unprized Jecails

Asgenblies not utilizing M-602 primer shall be cured efther 1) as

specified {n Paragraph 3.1.9.2.4.2 above or 2) at a bond line tempera-

ture of 170 + 10F for 3 hours. Selection of the cure cycle used,
for unpri=el parts only, shall be at the discretion of the using
manufacturing department.

Cool the assezbly to 125F maximum before removing pressure.
Cleaning s

Remove excess ceaent with wiping rags wet wich methyl ethyl ketone.

" This must be done a few minutes after applying the cement.

Clean all soreading and mixing equipmént with methyl ethyl ketone
{mmediately after use.

Cured adhesive residues and primer, that cannot be removed by

filing or scraping, may be removed with a suitable stripper. This
stripper may be applied with a brush, care being taken to prevent
penetrationinto seams, joints, crevices where removal may prove
difficulet. After a few minites of soaking the adhesive residues and
primer are re-oved with a soft scraper such as a tongue depressor.
Clean the stripped surface with a rag dampened with water ans wipe
wvith a dry rag. .

—.’.
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3.1.9.2.5.4 Adhesi{ve ghould be cleaned from hands with scap and water and
otiff brush. The use of solvents should be avoided.

3.1.9.3 |4

3.1.9.3.1 Mixing Instructions for Adhesive

3.1.9.3.1.1 Mix 140 parts by weight of Hardener "A" to 100 parts by weight
of Bise "B". Stir thoroughly for a minimum of five minutes or
unt{l unf{form mixing has been obtained.

3.1.9.3.1.2 The vorking 11fe of the mixed adhesive {s two hours {n 100
gram masses, Adhesive which has not been applied within this
period of time, after mixing, shall be discarded.

J3.1.9.3.2 Application of Mixed Paste Adhes{ve and Cure

3.1.9.3.2.1 Apply a smooth coat of adhesive, three to five miils, to each
surface to be bonded. The adhes{ve zay be applied by means of
& spatula, notched trowel or tongue blades. Mask off areas not
to be bonded.

3.1.9.3.2.2 Press or roll both surfaces together to eliminate possible
formation of esir bubbles and to fnsure {ntimate contact be~
tveen faying surfaces, The only pressure needed during the
cure of mixed EC-2216 is that req tred to keep parts in
aligmment and to overcome distorcion and therzal expansion
of the adherends.

3.1.9.3.2.3 The adhesive may be cured as follows:

72 hours at room temperature
or
4 hours at 130 to 150°F

Note: Sufficient cure can be obtained in twenty=-four
hours at room temperature to remove clamping pressure
but the parts should not be stressed for seveaty-two
hours.,

301-’.3.3 Clelning h
Cleaning shall be in accordance with paragraph 3.1.9.2.5.

3.2 Detailed Requirements

Pabrication of all details and assembly shall bs in accordance with
the requirements of thts paragraph and paragraph 3.1 as applicable.
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3.2.1.2

3.2.1.3

3.2.1.4

3.2.2

#:rdbhaek (TT.17002) I

—

Prefabri{cated Dotails

All prefabricated detafls (=15, =17, =25, «27, «29, 33 and =35)
shall be fabr{csted {n accordance with paragraph 3.1.4 using vacuum bag
pressure. All details shall be tricmed and machined to blueprint re-
quirements. The =7, =9 and =13 core materials shall be processsed

in accordance with paragraphs 3.1.6, 3.1.7.6, 3.1.8.2.1 and 3.1.8.3.

Installacion of P/N's TT~17905, TT-17906 and TT-17908
Bushings and Fittings

The noted bushings and fittings shall be donded into the hardback
with Bondmaster M-611 adhesive per the procedure described in
Paragraph 3.1.9.2. Prior to inst:llation, cthe bushings and fittings
shall be primed with Bondmaster M=602 prizer i{n accordance with

the procedure described in parsgraph 3.1.8.2.2,

TT-17902=1 Assembly

Dry fit all parts to assure perfect fit. The surface of the male
tool shall be prepared {n accordance with paragraph 3,1.3. The
«19 skin shall be laid-up in accordance with paragraph 3.1l.4

sud the materfal at the location of the 431-9 fuel cap removed.
Apply adhesive per paragraph 5,1.9.1, over the entire lay-up
area, Preassembly the =15 close out, the «7, =9, and =13 cores
per 3.1.9.1.4. Position this subasse=dly on the material laide~
up on the tool., Apply the same adhesive (3.1.9.1) to ¢ap. Apply
sdhesive (AP-126-2) to the outer surfice of the 431+9 and the
edge of the hole and {nsert the =27 filler. Apply AF-126-2 ad-
hesive over the entire surface and layetp the <3 skin. Bag and
eure in accordance with paragraph 3.1.4 using vacuum bag pressure.
Trim as required. 1Insctallation of other p:rts and details 1ig
presented in paragraph 3.2.1.4,

IT-17902-11 Assembly

The processing sequence for this assexbly shall be identical to
the -] assembly except the =5 and «23 skins, the «17 and -29
fillers and the HE193-5002-0007 filler cap shall replace the =3
sud =19 skins, the =15 and =27 fillers and the &431-9, respectively.

Bulkhead (TT-17903) and Clips (TT-17904)
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3.2.241

3.2.2.2

3.2.2.3

3.2.2.4

3.2.3

3.2.3.1

Skins (=3

The -3 skins shall be fabricated using 181E glass fabric, the
resin formula of paragraph 3.1.4.1, impregnated by the :zethod
of either 3.1.4.3.2 or 3.1,4.3.3, laid up in accordance with
3.1.4.4.2.1 and cured {n accordance with 3.1.4.4.2.3, Parts
shall be trigmed, surfaces prepared per 3.1.,7 and stored in
accordance with 3.1.2.4,

Clips, Zec Sectfons and Slosh Baffle (TTe17903=7, «9, «15 and «17,
TT 17904=3 and -4)

The clips, zee sections and slosh baffles shall be fabricated using
181E glass fabric, the resin formula of paragraph 3.1.4.1, {m-
pregnated by the method of efther 3.1.4.3.2 or 3.1.3.3.3, and laid
up and cured in accordance with 3.1.4.4.2.1. Parts shall be
trimrzed, surfaces prepared per 3.1.7 and stored in accordance

with 3.1.2.4.

Core Materfal (-5)

The core shall be machined, cleaned and handled until used, In
sccordance with paragraphs 3.1.6, 3.1.,7, and 3.1.7.6.

Assexbly of TT-17903

Dry fit all parts to assure perfact ffc, The -3 skins and the

=5 core shall be bonded with AFe126«2 achesive in accordance with
the procedure described in paragraph 3.1.9.1. The parts shall de
trimmed to blueprint requirements and the -7 and -9 clips,

aud the «13 channels secondarily bonded using AF«126-2 in accordince
with paragraph 3.1.9.1.

Bolting Ring (TT=17907)

The <1 and -11 assembliec are identical except for size. Only the
fabrication of the =1 will be discussed but that information will
be applicable in all respeccs to the -l1l.

Ring and Pan (-3 and =3)

The parts shall be laid-up and cuved in accordance with paragraph
3.1.4.4 using 181E glass fabric prepared per paragraph 3.1.4,
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3.2'302

3.2,4
3.2,4.1

3.2'4.2

Assembly (TT-17907-1)

The nut plates required for attachment shall be riveted onto
the ring. The ring and pan shall be bonded with AF-106-2
adhesfve in accordance with paragraph 3.1.9.1. A bond shall

be effected at all contact areas between the two matin; details.
Pinal trim and prepare surfaces per paragraph 3.1.7 for final
assenbly,

Tank (TT-17909)

TI-17909-5

This part 1{s to be precured prior to incorporation into the
basic tank, The tool shall be processed in accordance vith
pavagraph 3.1.3 and 15 plies of material laid up and cozpanted
in sccordance with paragraph 3.1.5.2., This sequence shall be
vepeated until the required thickness and taper are achieved.
The bag, under vacuum, shall be left on the lay=up, a lubricant
applied and the female tool positioned. Pressure shall be
applied by conventicnal bagging and 30 psi autoclave pressure,
with cure accomplished in acco=dance with paragraph 3.1.5.3,
After removal from the toel, the surfaces of the part shall

be prepared for bonding per paragraph 3.1.7.

Assembly (TT=17909)

Before starting this lay-up, constder thermocouple requirezents
and, 1f necessary incorporate prior to part lay-up. Prepave

the tool surface in accordance with paragraph 3.1.3. Lay-up
one=half the required materfal f{n accordance with paragrzph
3.1.5.1, and posicion the =5 f{nsert on which AF-126-2 adhesive
has been applied per patagraph J.1.9.1., Lay-up the recainder

of the materfal as above., Position the lay-up in the split female
tool whose surfaces have been prepared In accordance with para-
graph 3.1.3, Compact in accordance with paragraph 3.1.5.,2. Upon
completfon of this step, turn on the water {n the cooling coils
and complete the cure of the area shown in Section A-A of drawing
TT-17909 in accordance with paragraph 3.1.5.3. Remove female
tool. Deflat wale tool, but leave the bag in the assexbly, and
trim the fore and aft openings, the saddle opening and route the
"Q" ring groove., Positfon the hardback and dvill attachin? holes
through the hardback and the skin. Locate the bulkheads, re-
position the hardback and pilot drill the bulkhead flanze.

Remove the bulkhead, drill the attaching holes, and wnount the
necessary nut plates.
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4.1.1

4.1.2
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3.2.4.2 continued

Pold the aft end of the tank at T.S. 102.00 (or closer to the
landing {f possible), and then fold the forward end at T.S.
$2.00 (or closer to the landing 1f possible), into the hard-
back area. Part is ready for shipment,

- Ftnal Assembly (TT-17901)

Carefully unfold the ends and with hand pressure, wearing clean
rubber gloves, smooth the compacted material to essentially mold
line contour. Insert the part in female tool. Cover up nut plates
vith a smooth cloth or foam rubber and cure in accordance with
paragraph 3.1.5.3. Remove nut plate cover cloth or foam zubber.
Reposition the bulkheads. Apply EC=2216 adhesive to the faying
surfaces of the TT-17903-3 and =4 flanges, position against the
tank and bulkhead and cure. These operations are covered by
pavagraph 3.1,9.3. Using the same process, attach the TT-17907-1
and -11. Install all internal plumbing, 1Install the MS29513-010
"O" ring. Apply a light coat of petroleun jelly to the edse of the
hardback. Mechanically fasten the hardback to the tank. Install,
vith mechanfcal fasteners, the nose and tafl assemblles. Finally,
fare the jJofnr between the hardback and the tank with MIL-S~8802
Class B, Sealant,

Quality Assurance

Conformance of prodhction to the requirements of pavagraphs
3.1 and 3,2 {s the responsidilicy of Inspection,

Control of Adhes{ve Marerials

Recefving Inspection Tests

Receiving Inspection Tests shall be conducted on all incoming
adhesive materials for certification to the acceptance require-
wents lf{sted in applicable material specifications.

Inspection

All bonded assenblies shall be inspected for conforrance to che
engineering dravwing. 1In additfon, each assembly shall be ver{fied
to be 100 percent void free either by gound tapping fcoin or
fnspection tappling device) or by means of ultrasoni. cyzipment
(Coindascope, Reflectostope, ete.).

PORM 131+M:2 REV 1§80

ny
(O8]
[06]




NORTH AMERICAN ROCKW  LL CORPORATION
CODE 10ENY NO. R9372

NUMBE R REVISION LETTER
PAGE 27

STO60SHAO0L 2 Al 1L 1T L 1T 1T 1

4.1.3 Records

Suitable records governing control of the entire bonding process,
final fnspection and process control test results shall be main-
tained by Quality Control for each production assembly. These
records shail contain the serial number of the assembly they
represent so that future ideantification is readily accessible.

4.2 Final Insmection

The final tank assembly shall be inspected for defects after completion
of fabrication. A record of fnspection shall be prepared which wi{ll
include a detafled description of all noted defects in the assembly.
These defects shall be reviewed by the Project Engineer to determine
vhich defects are allowable and the corrective action necessary for
those defects that need corrective zctfon. The reccmmendations for
these corrective actions will be reviewed with the Buyer for his
concurrence and/or coments prior to any corvective action.

4.3 Corrective Action

All corrective action agreed to by the Project Engineer and the Buyer
shall be conducted subsequently to final tnspection described in
paragraph 4.2,

5.0 Preparation For Delivery

Bach individual part comprising the assembly shall be {dentified

by a rubber stamp marking. This shall be accomplished by cleaning
the area, to be stamped, with naptha or methyl ethyl ketone for

the purpose of removing any grease, oil, dirt or other contaminates.
Apply the applicable marking with a rubber stamp using permanent
black ink.

6.0 Notes
The final inspection procedure described in paragraph 4.2 will

fnclude parcticipation of US Air Force representative as deemed
necessary by the Buyer.

POARM 131+H-3 REV /80




SEQUENCE OF OPZFATIOQN REQUIRED

FOR _TOCL HSK ©7%6

THE MANDEEL FCEMILS 70.:%

SET UP AND LCADING OF

SILICOIf: MANDEEZL 3iG

e - — — -

;
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l.L

1.5

1.6

1.8

1.9

1.10

1.117

£OSXBLANG Sa0C 70 p0 ToTT TUC NTD W oluS LLonS LT
FCRALG TONE

Asserble the center post Zet, =7 and the two end locators
(Dets. ~203 and <210} with -1L1 pins., Also Ce:, 204 pipe and cap.

Pull the bag aver the tcet 2y inserting t-e small end of the
asse=bled post into the large nozzle opening of the vag. Pull
the bag up on the post until the szall nozzle end of the hag
is even with the step in the shaft end Zetail 200, \rap the
bag nozzle end with a zirimun of five (5) wraps ol cloth or
tape to protect the tag 1ozzle ard apply a steel band, screw
tightening clamp to the bag nozzle,

Pull the large nozzle end of the bag up util it locates on

tre shoulder of detail -203. apply a minirum of five (5) wraps
of cloth or tape arcund the nozzle area of the larze Sar end

and apply a steel tard, screw tightening clawp ‘o the bag nozzle,
Eag seam 1s to be 90° rotatica frox tappsd hole ccdad up in
Setall ~203 and in line wis: the tapped hole that is S0° %o the
tappad hole coded up.

Inscall -e.a 1 202 Mifsin: Zur on Zetall 21T shzl znd sbtamdaxd
ervesolt in Detail 203 in preparation to 11t randrel.

Place the bag with the shaft and end blocks clawp2: in place

in the final oven and electrically curing tool and in the lay-up
truniion and cheex for clamp clearance to these tools, Feadlust
as required for clzaarance.

Place the bag assex:l: in the mandrel forming tewsar Socl with
the tag seam line (13C°) opposite ithe saddle deor aresa.

Irspeet the bag as :ounted to the randrel for possible lea:s
and the clamped nozzle ends,

Zellate the bag completely and secure to randrel itk rmasiing
tape to avold tearing or dzrage wnen loading into tower tool.

Place half of detaii 211 bushing in detail 14C tower tool and
load steel mandrel and bag into tool.

Fezove rasking tape and place bag sear. down center of candrel.
Flace second halfl of detail 211 bushing over staft detail 21C.

Remove lifting lug detail 212 and eyebolt fram detail 203,

T NORTH AVERICAN A WAL T
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. Irdee one vop rall ol wo- tzcl e tre zoztiom orall ol tos Lol
by lowering the top “all ol 122 ool onto the Y'rass indax pins

1.13 3Bolt the two halves tczether a-: add the clamping ring (Je+, -201)
to the larce ead ¢l t2e tool,

1.1L ‘pply the vacuum rose =c the sza’l end of the tool. Shui ti:

‘ shut o’f valve and chesk the vacyim suwsp, IF the purs Slasw arl,
then there is no vacuuz loss Indicsiing the shul off valve i3
\ shut off and holdiny,

1.15 Inflate the mandrel .ab wish Sive (5) pounds of positiwe
pressure, At this tize, a c¢necx for leaks in connections sno..a
be rade. Repair lea:s as regiirei, (Tool is horizontal)

1.16 Lif% the tower zandrel Jorming tocl into vertical posi ion and
set it down on the vitrator tazle with the small end ol the 200l

d dOﬂm.
Mote the vacuun hes2 should ta tucked into the frax
the vibrator tabla i= sus™ a w3 a5 to allow the Tow
Formine Tool to e 1ifi2d from tne vibrater iabtle an
to a horizontal posiilion om ire fleogr without disconne
vacuus line or loos s$irs vasuuwrn fressure, Tack weld or
brace the Tower andrel Tormins Tool to the vidrator &
required,
1,17 Attach the nodule hezper to the Tower Mandrel Forming Tocl.
2.0.0 THY FILLING OF TrZ MANTEZL 340 L2iE NCDULSS
2,1 Close the shud of? valve Delwzen the nodule hopper and the ewer
‘ tool and connect t:e alr pressure line to the large end o! the
‘ tower tool.
! A
. " 2,2 TFil)l the nodule heopper with nodulss to appreximasely throe (?)
; inches froz the top ol t2e hoppar.
f 2.3 Cap the fil) hole an? apply five (5) pounds of positive air
| preasure to the nodule hopper.
| 2., Start the vibrator, cpen the nodule kopper shut off valve and
check the nodule flow sharough the clear plexiglass tube betacen
the nodule hopper and the to:*r tool. If the nodu:: ‘' ~a4 .=
not in a steady fres Jlow, the rositive pressure in the neoule i
hopper should be increased slighely until an even free {low is
L optainad,
i
|
|
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L.

B

2.5

2.6

3-0:0

3.1

302

3.3

3.5

4.0.0
L.l

1002

OPERATION

When the nodules cease 2o flow in a steady strea= indicating
the nndule hopper is e—piy, close the shut off valve Tetween
the nodule hopper anc -2 towsr tool. Turn off Lke vibrator.

Yo &L - Pann Sl P P T e

B
NeLSGBY S vuu F‘ GeSUTrT «Ith Vae .AW\A—G U RCs »

Repeat Operation 2.2 shroush 2,6 until the plextizlass sube is
filled with nodules lrilcating the mandrel bag and large end
of the tower tool 1s filled co:ple:ely with nodules,

THE RELTASITNG OF THT DI3ITIVE PENSSURD AND APPLYINC THT TACLLYM

PRESSUERE TO THY MAMTEs...

Close the shut off vaive %o the nodule hopper. :iscor.néct the
nodule hopper froz= 4ra2 icwer tool at the tower tooal eni ol the
plaxiglass tute,

Remove the fill adapte= (Zetall -202) and the afr %es52 Srax the
Detail ~108 "0" seal zizzi:=r,

Remove the Tetail -17% 2
Apply vhe Cetail ~12¢ 23
to seal off the posictive
Cetail -2C3.

Ul (44 0
b
®
Ly
(1]
c*
9’
poe
P"
t
’_‘
O
w

l (7]
20
]
teg

w

Clear all nodules fre= <h2 large baz end Setail =203 inm che
vacuur seal attaeh araz. "s"'* t"e -110 seal into plazs, Screw
Detail -204 into the lzzz2 bay Cetail -2C3. Scraw Zetall
~205 seal nut into ihe -ll4 -e.a.l sealing off around the <204
vacuun tube, ~ttach ths vzcuur hose and app1' twents (20) inches
merceury rinirus vecuus 42 “cth ends of the rcandrel in "e Lower
mandrel forrding tool.

Check all lines and conmectieons for leans and repais tham as re-
quired, Note vacuum puTrs s*ould shut off and rc‘: 2 zinmizum
of twenty (20) inches of zercury vacuuwn without any ezsreciatl
arount of vecuur. ’e_"age or decrease in pressure,

ERMOVAL OF THI FCriT= V.oTut! CONTAINED MAlDREL PECY TR SCTE
MANDREL FOrMING TOCL

Remove the bracing ané tack welds or bolts holding the tower
tool to the vibrater tadle.

Reposition the tool witn the parting plane hofizontal. Tre same
half must be up to provice access to the lifting lug heole in
Detail 203 of the randrel, Saddle area down,

CaTE COLUMBUS DIVISION
NORTH AMERCAN ROCKWELL CORPORATION
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L.3 Unbolt the two bz ves and recove the top half of the tool.
4.4 Check for leaks and repair as required (top half).
5.0.0 POSITIONING THD IAV-UP MANTEZL OF THE TRUNGIION

5.1 Screw the eye bolt into the (-203) large bag end., ~izask the
1lift ring adapter (~222) 2 the scall end of the lageup candrel,

5.2 Raise the mandrel froz ithe lower half of the tower zanirsl
forming tool and place it in the indexing lay-up trunsfon stand,

5.3 Check for leaks and repair as required,

6.0.0 LAY-UP OF TH= TAYH OF THS 1AY-UP MANDREL

6.1 2ttach with tape ihe thermocouple wirss 7C1 and TCz %c the
mandrel at tanx stailon 83.C and on the maxdrum half bresdih
of the tank. (Sef, “SH-677 drawing). Thercocoupls wire ends
mast be prepared in closed loop by angineerinz lad 4o pravens
bag puncture,

6.2 lay up tre tan:
3.1.‘603.1- Tbe
direction and nuw-
fabric, 3utt joinis are
a oinizum, Vhen laps are nesessary, they shall be heli to 2/L
+ 1/ inch in widih and, i successive plys, shall =ot ze sufer-
irmposed over one anoti:ir.

Also Yote: 3.l...3.3 plrs szzlil be added individuallr znd
smoothed on the ranirel surlace using a2 sgusegee cor similar tweol,
Note this smootring action is to eliminate wrirkles zni prassurs
shouwld not be suc: as to rexove the resin frex the lazminate,

6.3  Apply vacuum dar afier 7 lavers or plys have been lagad up and
draw vacuun to se% the cloth. Io not use heat.

6.4 Remove bag and continue lay-up to completion. ERe-appl: vacuus
bag and draw vacuun to seb remaining 7 plys of cloth and saddle
ring. ’

6.5 Use calipers to check final diameter of lay-up to inside of
tool HSK $77.

6.6 Transport lay-up under vacuus fram supporting delly ZSE €30 to
female tool ISK ©77. ihile supporting mandrel and lay-up over
female tool HSK 977 rezove vacuwa bag from lay-up.

6.7 Proceed with instructions in sequence of operations required for
Tool HSK 977,

FEAE
L PATE COLUM VISION
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SEQUENCE OF OPERATIONS RMIZ: ')
FOR TOOL 55% 677

THE FEMALE FINAL CURE TOOL
LOADING 07 TCOL ATD
OPERATICHS FoE Fivac CURY
FOR DELIVZFA3LE FULLY CLRoo TANE

TAND DELIVEZA3:% SCLETD TANK

seat PVCTTIrTE - LA TR 3 N P P R, B L
ORARN: OATE
p NORTH jER.I‘CA'N aY'llAIION, INC. STANGARD
a SoLusRVE DluIbION
G/

APPROVED: .
w..

arg

2 0:63
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3
PERATION N

1.0.0  PLACING THE IAY-UP AND MAUZZTL IN THE FEVALE FINAL CURE TOOK ESK-€77 !

1.1 Maintain full vacuun on mandrel while loading. 12t the lay-up °*
and mandrel up out of the lay-up trunnion stand usi=g <ie lift
ring adapter and the eye bolt in the bis end of tha zazdrel that
ia CN° ta the o35 Lol hole siazped up, Thls piscas the saddle
back in a down position for lowering it into the fezals cavity
half of the final cure tool which alss ras the salils bzzi greéa : o
in the lower half,

1.2 Lower the lay-up and mancdrel into posi:zion over (3 Jaet) the
female final cure tool lower half.

1.3 Remove the tape fro:m the lead in wires on thermoccuples (701 & 1C,)
that are between ihe randrel bSag and the set lay-up, “hread the
lead in wires through tre holes in the sad<le zack area of the
ferale final cure tocl.

l.L Lower the lay-up and mandrel into place puliins the 13l in wi
through the holef 88 the lar-up and zaniral is lowerad !
until they are in place, This is to prevent g
in therzocouple wires, :dd filler blocse Teuwaen tir
fezale tool on hoth ends of manirel,

)

!ﬂ:l
1%, ot

adnsing el
waern

1.5 Seal the lead 1n£wire roles on tha outsidz of Lhe Jesale ool with
zinc chrorate, Fill the sea’ groove around the Rzl shell area

of the female final cure 2ool with zinc ehrezate.

1.6 Install the round silicone szal in the s=al groove in ke top half 1
of the tool and tape into position.
1.7 Lower the top ralf of the 0ol until she trass guils gins in the ‘ i

lower halfl engage,
Make sure that closing the tool does nol pineh the siiss of the
part, Snug all nuts prior to uightening,

1.8 Apply Zinc Chromate to the tool ends to complete sn2 Sesl with the

silicone seal previously irstalled in 1.2, o

1.9 Connect two portable shui off valves and vacuut 1ines to ine upper
half of the tool. Fepeat for the lower half. Shub off the vacuuz
from toth ends of the mandrel. ‘“hile holding five (3) .inches of
mercury indicating vacuws on the mandrel gage, and the end valves 4
to the mandrel closed draw five (5) inches of cercury on the tool. \

1.10 Cradually open the randrel end valves to release the vacuut in the
- bag holding the nocdules,

sCAL K

MATERIAL: L
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OP=RATION
1.1

1.12

With five (5) inches of mercury on the ferale tool vacuum syste:,
and the end valves or the mandrel open, at-ach the positive
preasure air line to the large end ol the randrel and close the
valve at the s=all exd. Apply five (5) pounds of positive air

¥aintair five (5) pcunis of positive air pressure to the candrel.
discomnect hoses 4o vacuun systen of female Lool and shul valves
in four places, ZJlose valve to positive five (3) pounds in mardrel

and disconnect hose.

Tool is now free of all connections and may be zoved, landrel gaze
should read froz 2 to 5 pounds of pressure.

sesee MATZRIAL: .

ORAw oare NORTH AMERICAN AVIATION, INC. STANDARD

CHECRED: oavE SOLUMAYS DLVISIQH .

ASPAGVED: oavE MONSANTO TANK OPERATION Page 2
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OPERATION

TRANSPORTING FEVALS TO0L 70 ZZINZERLNG ENVIRONMENTAL CHAMBER

2.0.0

2.1 Movement of tool to the chanber must coincide wita negotiated
date furnisbed by ezziaeering.

2.2 Maintein 5 psi. air pressure on bag and lay-up contained in fully
sssembled fezale tool.

2.3 Transport tool froz I27%. J to eavironmental chamber by lifting
with forx Lils or oa »uiied truck or steel skid. Do not roll
tool on wheels of tosol.

2.4 Place tool in chambar {n position to hoox up thermocouples, air,
. wvater, vacuuz and elesirical circuits.

CALK:
MATERIALY
oRAWN: oATR
NORTH AMERICAN_ AVIATION, INC. STANDARD
CNECKEO! - L3 []
IITITTT =ia MONSANTO TANK OPERATION Page 3
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300.0

3.1

3.2

CONNECTINS FEIMALE TOOL TO ENGINEERING ENVIRONMEITAL AUTOCLAVE

WATER OR COOLANT

After positioning tool to be azcessible to ali required syscems,
proceed with coanections.

Pipe vater from saddle area to environzentsl comneciions.

3.2.1
3.é.2
3-2. 3

3.2.4

352-5

Essentially four water circuiss arsa tuilt into tool having
eight 1/2 inch female connestions.

Circulation is to be to engineering rejuirecents in auto-
clave.

Water is required to limit oxteat of curs zons around
saddle land. 3See Page 13.

Water temperature or rate of Tlow zust te considered variadle
to uaintain cure temperaturs o 35J97 on th2 part thermo.
couple 1 inch inside and on net triz elge ol part.

Pip2 th2 two side systens into 2n2 and pize 2ach 2ad
separately, tals will zage tarse (3) individual systezs.

s ALE:

MATERIAL:
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QPERATION
k.0.0

b1

-
i

b3

CONMECTING TZVALE T00L TO ENGINEERING ENVIRONMENTAL CHAMBER
BFECFAICAL

Three strip beaters are located over the saddle land area. Three

vires run froz the large one piece element and should be vired
three phase st the %00l Junction box to one controller. The other

tvo eleuents have two vires each and should be wired single phase
¢ 4he ‘usctiase hox to & second controller,

comect car variable control to one circuft and a second eontrol

2
4o toe rroozd cireudt,

It 1e anticipated that manual oporotion of controllers vill de
required to step the various levels of texperature. After coldest
W fe dete=2nsd automatic squiprent may be used.

Thue oexinuz opersting tempersture of the elements is 500°T.

G LAGEE e e b e
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OPERATION

5.0.0

Gonnect two (2) 1/2 inch vacuuz lines fro= uppor half of tool
to two individual lines in cha=ber.

Connect two 1/2 inch vacuu= lines froz lower hal’ of tool to
two individual lines in chazte-.

tesve MATERIAL:

. oATE 3
SRaw NORTH AVERICAN AVIAYION, INC STANOARD
THECHED! oATE _
aPPROVEC: OATE MONSANTO TANK CPERATION , Page?
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OPERATICH
6 .o .o

6.1

6.2

eCT

NG FEMALE T00L TO ENGINEZRING ENV
AJR PRESSURE
With mandrel pressure at 5 psi and end valves closed, connect

air hoses to each end of mandrel.

Open valves but raintain 5 psi on mandrel with chacber

systen,

AL CHAVSTR

s¢caLE:

MATERIAL:

OnAwe:

oarvg
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OPERATION

7.0.0

7.2

7.3
7.4

ONECTING FEMALE TOOL TO SNGINT=RING THVIRCKVENTAL CHAMBER

THERMOCOUPLS -

Bropars thermossupls chart showing plulure of iocations irom
tool drawing, number of t.!-e-nocouple, time and tempsrature of
poaition.

Check thercocouple nurzher and position use only thermocouple
nusbering systez on tool drawing.

Connect 30 thermocouples to chanber recorder,
Ouit all reading fran TCI, broken wire in tool in build, Alse
on

see 3.2.7 water circulation altered to permit reading of TCq
to be taken at 'I'Cs.

fcaLk:

MATER|AL:
BRAWN: LYY
7 NORTH ANEE.I‘EHA:GDs'VLgION INC. SYANDARD
CHEEXEO: oave
2PPAOVEG: r'YXI] MONSANTO ‘TANK OPERATION Page 9
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LOCATION

HEMARKS

THERMOCOUPLE PART ELEMENT COOLANT
1 I— Q_! - _— I‘M. center on bag
2 P e ! VYlUnder saddle area
! -- L(coldeat location)
3 .'_-,——’
4 & /'
: ¥ o -
»
g  Mated Readings R ! Typical
8 . N\
9 # 1 __J Two plys from inside
>”/ tool.surface at inner
10 -— edge of coolant pipe.
1 * Two plys from inside
tool surface at outer
' edge of elezent.
12 ! .
1 *
p VA *
1s *
16 *
17 hd - Sewn into eiement by
18 * the Briscoe Co,
19 [
20 ' ow
21 »
2 *
2) *
2, ™
2 *
26 . |
27 * Two plys from inside
=T tool surface.
28 *
29 -
30 .
STING OF THERMOCOUPLE
POSITIONS AND PERTLCNT INFORMA-
TION.
eant: .
MATERIAL:
ORAWN oAavy
NORTK A‘):E‘I}‘I‘CAN 'AYl.ATION.. INC, STANDARD
CHESKED: DATY
2PPAOVED: CYST] MONSANTO TANX OPERATION ~ Page 10
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(SMALL END)

| _SCHEMUATIC
ELEMENTS THERMOCOUPLE
POSITIONS TOOL KSK 977

w o ]
8 o
- | )
" ¥ g
¥ q
< 1]
o p 4
sceLk:
MATERIAL:
oRAWN: DAvE
RORTH QIERICHTAVATON WE | sruwouno
TTEITY oaArs “
APPROVED: YY1 MONSANTO TANK OPERATION hke 1
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QPERATION

8.0.0  QPERATION OF FEVALE TOOL TO PRIIURE (170°F) THT TANK AND ' ;
OOMPACT THE LAYERS -

8.1 Layup and randrel is under five (5) psi. air pressure.
' 8.2 Chanmber heating for this operatioa i{s to be used.

3 £.3 Follow instructions for pre-cure as coatrolled by ensinsering
specification STO-60-5-HA-0012, 7-2-58 parazraph 3.1.4.%.2.2
and set-up chart in this v:por:t in Page 15.
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OPERATION

9.0

9.4

QPERATION OF FEMALE TOOL TO CURE SADDLE AREA

Tool is fully connected to autoclava ready ta use prassnra
bag candrel and vlectrical elements in tool.

Tool is under § psi from bag in a start condition., Heat and
water cooling is off, thermocouples neutral and full vacuum
drewn.

Safety suggests closing chamber_, door when pressurizing the
tool, to 30 Psi.

Follow instructions for pre-cure as controlled by engineering
specification STO=605-HA=Q012, 7-2-68, paragraph 3.l.L.4.2.2
and 3.1.5.2 and included set up chart in this report page 17.
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OPERATION
10.0.0 REMOVING PARTIALLY CURED TASK TR0M TOOL TO DEMONSTRATE
FOLDABILITY OF THE MOW3ANO MATEZRIAL.

10.1 After operation 9.0 is completed, fully curing the saddle
door land, remove dl air, va.cuu:x, water and eleetrtcnl
Somnections from ths ool o \--AG Shamusi.

10.2 Roll the tool out of the chazber clear floor ares under
crane provisions in the environmantal building.

10.3 ‘Remove all bolts and rods froz female tool and 1ift top half
to the floor. Support the tosl with wood.

10.k Cut thermocouples TC) and TC, off even vith outside of tool to
evoid feeding wire back taroush scall holes.

10.5 Re-attech lift ring adapter ani eyebolt to mandrel eads as in
opwratioa 1.4 and prepare to 1ift mandrel.

10.6 Tighten "C" cla=p clavis detall 212 of H3K 976 supporting
forvard end of mandrel to prevaat slipping off of shat:.

10.7 Using special hanilins bea=, 117t mandrel sut of lowar sortion
of female tool. Thread .0-> taick alum. band under sadils srea
to breax part loose froz lwr. half of tool if necessary.

10.8 Tilt mandrel lowerinz aft or large end and rest detail 202 larze
spherical ead on D6 fumishel support.

12.9 Remove detail 204 plus by liasaaing 295 around 206 then ua-
screv detafl 204, Tais will opsa the hole to nodule filler
inside bag and allows nodules to drain from bag.

10.10 Catch nodules in suitable container for re-use in second tank
to be cured. .
10.11 Return mandrel to horizontal position and support in previously
used layup trunnion, tool numpar H3K .
10.12 Remove cla.-.:ps from each end of bag.
10.13 Remove all vacuun and air connections that would prevent
removal of trunnion from baz. Mandrel is on stand.
10,1k Screv ia 14 foot 3/4" Dia. pipe in forward trunnion end in
former vacuuz hole.
SGALE:
MATERIAL:
anamm oare NORTH AMERICAN AVIATION, INC. STANDARD
lj“‘tilﬂt DATYSR Luisign
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RESIMCOmS.

OPERATION

10,0.0
10.15

10.16

10.17

10,18

10.19

0.2
10,21

10.22
10.23
10.2

10,25
10.26

10.27

10.28

(Continued)

Lift mandrel and part from trunnion stand 4SX 98C, and lower
into special shop iwrnished stands supporiing mandrel off
the floor or a table on diameter of large plug, aft end of
part, detail 203, and opposite end is surpor.ed on long 3/L"
pipe 14! fro tanx end. Strip the tank ard bag off mandrel
onto 3/4" pipe.

While Det. 203, large spherical end, is clazped to trunnion
stand, remove bag from mandrel forward (s=all) end by care-
fully pulling on neck of bag. Use great care not to rip

bag neck,

As forward end is recoved, second operater =ust push bag off
sandrel large end moving bag and part on to length of 3/4"
long pipe.

Indent bag at saddle door land hole which is down snd remove
thermocouples 7C) and TC, from inside tan: “eiween tag.

Continue re=oval of part and bag by liftinz 3/L" pipe from

special trumnion stand. Use third suppor: under sicel rmandrel

end Det. 210 and unscrew 3/4" pipe froz 227 while the part
is manually supported. Carefully remove 3/." pipe frcm bag.
Monsanto personnel to be present for folding operation.

Fold per engineering instructions as guided by Monmsanto
personnel, Atteation: Mr. M, Ohanion.

Tank is to be folded with bag inside and ¢n2 tize only.

Unfold tanx and prepare for drilling. _

Saddle door part has been cured, hole pattern layed out and
drilled. This part will be used for a drill plate to transfer
the holes into the tank land.

Position tank in proper working height on low supports,
Depress flexible portion of tank opposite cured saddle door
lands thru hole, Upper part of bag will be depressed to
opposite side of part.

Seal off area in back of cured Jands to caich all chips in
drilling, and tc prevent puncturing bag,

Route hole opening as fequired.
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QPERATION
10.0.0 (Continued)

Dl
10.29 | A11 chips must be removed after drilling because bag will
again be used in final cure operation.

10.30 - Apply and space edge of drilled saddie door to tank opening.

10.31 ' Drill all holes using depth stops to prevent drill from
' puncturing bag.

10.32 ' Remove saddle door,

10.33 Drill rivet holes around main bolt holes if required per
Icngineering drawing.

10.34 ' Apply nut plates to back of land using shop furnished stud
| and wing nut to clamp nuts to saddle land.

10.35 ! Bond nuts to land.
1

10.36 Remove protective inner coverings vacuu= Jor chips and
' clean thoroughly.

10.37 Prepare for final cure.

scaLR:
. MATERIAL:
ol DRAWN, oAaTk
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REVIRIONS

QPERATION

———————

11.0.0

-
-’
j-r

11.%

nl6

RETURSDS; FOLOED PART 10 FEIMALT TOOL FOR FLWAL CURE

Tank navt hac heen fnlded ance for sither deliversble £213=d
tank *2 or for continued to b2 cured tanx 1, <Center steel
mandrel has been removed and nodules poured out in efther case.

Frou the outside toward center of tank, insert shop furn!shed
aluzinum shouldered plug, siz2 to conform to detall 210 on
HESK 976. Insert plug into bag and reclasp with plug in leassh
position {fore ard aft) as shown on HSK 376. Use glass wrep
to prevent clamp from cutting bag.

Repeat ll.2 un large end of taak making plug to conform to
detail 203 on H3K 976. 5teel center mandral i3 not reused
due tc danger of rupturing bag.

Shouldsrs on pluss ars necessary to pull the folded tank bask
into th2 full length of th: fezale tool.  3houlders of the
plugs are pulled over the corrasponding shoulders {n the fazale
tool.

uss into the female fool and 1aflzs»

Vanuslly 1ift part and pl

2 luz 20 2111 out parst indexntation:.
P
2

tha valve in the la
Tais is done with u
out valve to keep b

art of femal: tool off. Close shu:
a5 pressura.

Pusnh and position part into femals tool lowsr half, {as i{n za
inner tube in a tire), payins particular attention to the
lozation of the cursd sadcél: land o he botion of the sadile
land area in the lower half of th2 female tool.

Close the upper nalf of the vazale tool on the lower half azd
reclaxp the vacuunm seal through re-appliczation of :inc chromate.

Claxmp oaz end block in each end of tne fexzal: tool in frons

of the beg pluzs to prevenl pluzs from moving outwzed whon
bag is iaflated. Tals is not necessary when =andrel &7 center
pipe 1is used because opposing shoulders preveat movement.

Roll tool back into chamber and re-establish connections

to air, vacuum, and thermocouples. Thermocouple numbers

TCy and TC, also TCy) through TCz4 may be omitted since they
monitor the element termperatures at the outside surface of the
tool. It is not necessary to reconnect the element electriczal
connections.
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OPERATION

11.10 Follow instructions for full final cure as controlled by
. engineering specification STO=605-HA=UCT1l2, 7-2-68 paragraph
3.1.4.4.2.2 and 3.1.5.3 and included set-up chart in this
report, Page 18.
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